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(54) [Title of the Invention] MANUFACTURING METHOD FOR 
SEMICONDUCTOR DEVICE 
(57) [Summary] 
[Purpose] 

5 To prevent pinholes from remaining on a surface of a crystalline silicon film. 

[Solving means] 

An amorphous semiconductor film 3 containing silicon is formed over a 
substrate 1 and a metal element for promoting crystallization of the amorphous 
semiconductor film 3 is added to the amorphous semiconductor film 3, thereby 

10 forming a metal-containing layer 4. The amorphous semiconductor film is 
crystallized by performing a first heat treatment on the a metal-containing layer 4 to 
form a crystallized semiconductor film 5a. The crystallized semiconductor film 5a is 
irradiated with a first laser light so as to be further crystallized. A gettering layer 7 
formed of a semiconductor containing a rare gas element is formed over the 

15 crystallized semiconductor film 5a. The metal element is gettered by the gettering 
layer 7, so that the metal element contained in the crystallized semiconductor film 5a is 
removed or reduced. After removing the gettering layer 7, the crystallized 
semiconductor film 5a is irradiated with a second laser light or intense light having a 
lower energy density than the first laser light, whereby pinholes on the surface of the 

20 crystallized semiconductor film 5a is filled. 
[Selected Drawing] FIG 2 
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[Document Name] Scope of Claim 
[Claim 1] 

A method for manufacturing a semiconductor device, comprising: 
a step of forming an amorphous semiconductor film containing silicon over a 
5 substrate having an insulating surface; 

a step of adding a metal element for promoting crystallization of the 
amorphous semiconductor film to the amorphous semiconductor film; 

a step of forming a crystallized semiconductor film by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
10 semiconductor film; 

a step of further crystallizing the crystallized semiconductor film by 
irradiating the crystallized semiconductor film with first laser light; 

a step of forming a barrier layer protecting the crystallized semiconductor film 
over the crystallized semiconductor film; 
15 a step of forming a gettering layer formed of a semiconductor containing a 

rare gas element over the barrier layer; 

a step of removing or reducing the metal element contained in the crystallized 
semiconductor film by gettering the metal element to the gettering layer; 

a step of removing the gettering layer by performing etching with the barrier 
20 layer as a stopper; 

a step of removing the barrier layer; and 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light. 
[Claim 2] 

25 The method for manufacturing the semiconductor device according to Claim 1, 

wherein the step of forming the barrier layer is a step in which a surface of the 
crystallized semiconductor film is oxidized by a solution containing ozone. 
[Claim 3] 

A method for manufacturing a semiconductor device, comprising: 



3/66 



English Translation of JP 2005-327865 A 



a step of forming an amorphous semiconductor film containing silicon over a 
substrate having an insulating surface; 

a step of adding a metal element for promoting crystallization of the 
amorphous semiconductor film to the amorphous semiconductor film; 
5 a step of forming a crystallized semiconductor film by crystallizing the 

amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film; 

a step of removing an oxide film formed on a surface of the crystallized 
semiconductor film by etching; 
10 a step of further crystallizing the crystallized semiconductor film by 

irradiating the crystallized semiconductor film with first laser light; 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light; 

a step of forming a barrier layer protecting the crystallized semiconductor film 
15 over the crystallized semiconductor film; 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer; 

a step of performing gettering by moving the metal element to the gettering 

layer; 

20 a step of removing the gettering layer by performing etching with the barrier 

layer as a stopper; 

a step of removing the barrier layer; and 

a step of irradiating the crystallized semiconductor film with third laser light 
having a lower energy density than the first laser light. 
25 [Claim 4] 

A method for manufacturing a semiconductor device, comprising: 
a step of forming an amorphous semiconductor film containing silicon over a 
substrate having an insulating surface; 

a step of adding a metal element for promoting crystallization of the 
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amorphous semiconductor film to the amorphous semiconductor film; 

a step of forming a crystallized semiconductor film by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film; 

a step of further crystallizing the crystallized semiconductor film by 
irradiating the crystallized semiconductor film with first laser light; 

a step of forming a barrier layer protecting the crystallized semiconductor film 
over the crystallized semiconductor film; 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer; 

a step of removing or reducing the metal element contained in the crystallized 
semiconductor film by gettering the metal element to the gettering layer; 

a step of removing the gettering layer by performing etching with the barrier 
layer as a stopper; 

a step of removing the barrier layer; 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light; 

a step of forming a gate insulating film over the crystallized semiconductor 
film; and 

a step of forming a gate electrode over the gate insulating film. 
[Claim 5] 

A method for manufacturing a semiconductor device, comprising: 

a step of forming a gate electrode over a substrate having an insulating 

surface; 

a step of forming a gate insulating film over the gate electrode; 

a step of forming an amorphous semiconductor film containing silicon over 
the gate insulating film; 

a step of adding a metal element for promoting crystallization of the 
amorphous semiconductor film to the amorphous semiconductor film; 
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a step of forming a crystallized semiconductor film by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film; 

a step of further crystallizing the crystallized semiconductor film by 
irradiating the crystallized semiconductor film with first laser light; 

a step of forming a barrier layer protecting the crystallized semiconductor film 
over the crystallized semiconductor film; 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer; 

a step of removing or reducing the metal element contained in the crystallized 
semiconductor film by gettering the metal element to the gettering layer; 

a step of removing the gettering layer by performing etching with the barrier 
layer as a stopper; 

a step of removing the barrier layer; and 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light. 
[Claim 6] 

The method for manufacturing the semiconductor device according to any one 
of Claims 1 to 5, wherein the step of performing gettering is a step in which a second 
heat treatment is performed to the gettering layer and the amorphous semiconductor 
film. 

[Claim 7] 

The method for manufacturing the semiconductor device according to any one 
of Claims 1 to 5, wherein the step of performing gettering is a step in which the 
gettering layer and the amorphous semiconductor film are irradiated with intense light. 
[Claim 8] 

The method for manufacturing the semiconductor device according to any one 
of Claims 1 to 5, wherein the step of performing gettering is a step in which a heat 
treatment is performed to and intense light is emitted to the gettering layer and the 
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amorphous semiconductor film. 
[Claim 9] 

The method for manufacturing the semiconductor device according any one of 
Claims 1 to 8, wherein the metal element is one kind or plural kinds selected from Fe, 
5 Ni, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au. 
[Claim 10] 

The method for manufacturing the semiconductor device according any one of 
Claims 1 to 9, wherein the rare gas element contained in the gettering layer is one kind 
or plural kinds selected from He, Ne, Ar, Kr, and Xe. 
10 [Detailed Description of the Invention] 
[Technical field] 
[0001] 

The present invention relates to a manufacturing method of a semiconductor 
device having a circuit including a thin film transistor (hereinafter referred to as TFT). 

15 Note that in this specification, a semiconductor device refers to a device in general 
which operates utilizing semiconductor characteristics. A semiconductor device 
manufactured according to the present invention includes, in its category, a liquid 
crystal display device, a light-emitting display device, and an electronic appliance 
having a semiconductor integrated circuit (a micro processor, a signal processing 

20 circuit, a high frequency circuit, or the like) which is formed using TFTs. 
[Related Art] 
[0002] 

In many cases, TFTs is used in a driving circuit and a pixel portion of a liquid 
crystal display device, a light-emitting display device (such as an organic EL display 
25 device), and the like. If a crystalline silicon film is used in an active layer of a TFT, a 
high electron field-effect mobility can be realized. Since an electron field-effect 
mobility has a direct effect on a response characteristic of the TFT, it has a direct effect 
on a display ability of the liquid crystal display device which has the TFTs as a driving 
circuit. Therefore, it is necessary to form a crystalline semiconductor film with high 
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[0003] 

It is known that when an amorphous silicon film is crystallized with a metal 
element such as nickel being added thereto, the metal element serves as a catalyst to 
5 promote crystallization and a temperature required for the crystallization is lowered. 
In addition, it is known that the crystallization is further promoted when the crystalline 
silicon film formed in such a manner is irradiated with a laser. However, if the metal 
element remains in the crystalline silicon film which is an active layer of a TFT, 
electrical characteristics of TFTs may vary. Therefore, it is necessary to remove the 

10 metal element from the crystalline silicon film after the crystallization. Accordingly, 
the applicant developed a method in which the metal element contained in the 
crystalline silicon film is removed or reduced by forming a barrier layer and a 
semiconductor film containing a rare gas element in this order over the crystalline 
silicon film and making the semiconductor film serve as a gettering layer of the metal 

15 element. (For example, see Patent Document 1). 

I Patent Document 1 J Japanese Published Patent Application No .2002-324808 
[Disclosure of the Invention] 
{Problems to be solved by the Invention] 
[0004] 

20 In the foregoing method for removing or reducing the metal element 

contained in the crystalline silicon film, there is a case where pinholes are formed on a 
surface of the crystalline silicon film when the gettering layer and the barrier layer are 
removed by etching after gettering. A reason for this is assumed to be either the first 
or the second one described below. 

25 [0005] 

First, the first reason is described with reference to cross-sectional views of 
FIG 16A to 16C. As shown in FIG 16A, when a crystalline silicon film 1002 over a 
base film 1001 is irradiated with a laser, the surface becomes uneven and projections 
are formed. Metal elements are concentrated at the portion of the projections, so that 
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an alloy 1009 of the metal and Si is formed. Then, a barrier layer 1004 formed of an 
oxide film is formed, but the barrier layer 1004 is not formed over the portion where 
the alloy 1009 is formed. Subsequently, a gettering layer 1006 formed of a 
semiconductor film is formed over the barrier layer 1004 and a heat treatment is 
5 performed. Thus, a large portion of the metal elements contained in the crystalline 
silicon film 1002 are gettered by the gettering layer 1006. At this time, the superficial 
layer of the gettering layer 1006 is oxidized to form an oxide film 1008, 
[0006] 

Next, as shown in FIG 16B, the oxide film 1008 is removed by performing 
10 etching with the gettering layer 1006 as an etching stopper. Then, as shown in FIG 
16C, the gettering layer 1006 is removed by performing etching with the barrier layer 
1004 as an etching stopper. At this time, since the barrier layer 1004 is not formed 
over a portion of the crystalline silicon film 1002 in which the alloy 1009 is formed, 
the crystalline silicon film 1002 is also etched together with the gettering layer 1006; 
15 whereby pinholes 1010 are formed. 
[0007] 

Secondly, the second reason is described with reference to FIGS. l7Ato 17D. 
As shown in FIG 17A, when the crystalline silicon film 1002 over the base film 1001 
is irradiated with a laser, projections are formed partially. Metal elements are 
20 concentrated at the portion of the projections, so that the alloy 1009 of the metal and Si 
is formed. Subsequently, the barrier layer 1004 and the gettering layer 1006 formed 
of a semiconductor film are formed in this order. At this time, the barrier layer 1004 
is also formed over the projections. 
[0008] 

25 Next, as shown in FIG 17B, a heat treatment is performed. By this, most of 

the metal elements contained in the crystalline silicon film 1002 are gettered by the 
gettering layer 1006. At this time, the superficial layer of the gettering layer 1006 is 
oxidized to form the oxide film 1008. In addition, the metal element forming the 
alloy 1009 is moved to the gettering layer 1006 to form an alloy 1011 of the 
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semiconductor and the metal in the gettering layer 1006. 
[0009] 

Then, as shown in FIG 17C, the oxide film 1008 is removed by performing 
etching with the gettering layer 1006 as an etching stopper. At this time, since the 
5 alloy 1011 is also etched, a portion of the barrier layer 1004 which is located under the 
alloy 1011 is also etched and removed. 

Then, as shown in FIG 17D, the gettering layer 1006 is removed by 
performing etching with the barrier layer 1004 as an etching stopper. At this time, a 
portion of the crystalline silicon film 1002 over which the alloy 1009 existed is also 
10 etched together with the gettering layer 1006 since the barrier layer 1004 is not 
provided thereover; whereby the pinholes 1010 is formed. 
[0010] 

If pinholes are formed in a crystalline semiconductor film such as a crystalline 
silicon film in such a manner, characteristics of a TFT or the like is affected. 
15 Therefore, it is desirable that pinholes do not remain in the crystalline semiconductor 
film. 

The present invention is made in view of the foregoing circumstance and its 
object is to provide a manufacturing method of a semiconductor device in which the 
number of pinholes on a surface of a crystalline semiconductor film is reduced. 
20 [Means for Solving the Problem] 
[0011] 

In order to solve the foregoing problem, a first method of the present 
invention for manufacturing a semiconductor device includes, 

a step of forming an amorphous semiconductor film containing silicon over a 
25 substrate having an insulating surface, 

a step of adding a metal element for promoting crystallization of the 
amorphous semiconductor film to the amorphous semiconductor film, 

a step of forming a crystallized semiconductor film by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
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semiconductor film, 

a step of further crystallizing the crystallized semiconductor film by 
irradiating the crystallized semiconductor film with first laser light, 

a step of forming a barrier layer protecting the crystallized semiconductor film 
5 over the crystallized semiconductor film, 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer, 

a step of removing or reducing the metal element contained in the crystallized 
semiconductor film by gettering the metal element to the gettering layer, 
10 a step of removing the gettering layer by performing etching with the barrier 

layer as a stopper, 

a step of removing the barrier layer, and 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light. 
15 [0012] 

According to this method for manufacturing the semiconductor device, since 
the crystallized semiconductor film is irradiated with the second laser light having a 
lower energy density than the first laser light, even if pinholes are formed in the 
crystallized semiconductor film while removing the gettering layer serving as a 
20 gettering sink of the metal element, the pinholes can be filled. Therefore, the number 
of pinholes remaining in the crystallized semiconductor film can be reduced in the 
manufactured semiconductor device. 
[0013] 

In the first method for manufacturing the semiconductor device, the step of 
25 forming the barrier layer is a step in which a surface of the crystallized semiconductor 
film is oxidized by a solution containing ozone. 
[0014] 

A second method for manufacturing a semiconductor device of the present 
invention includes, 
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a step of forming an amorphous semiconductor film containing silicon over a 
substrate having an insulating surface, 

a step of adding a metal element for promoting crystallization of the 
amorphous semiconductor film to the amorphous semiconductor film, 
5 a step of forming a crystallized semiconductor film by crystallizing the 

amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film, 

a step of removing an oxide film formed on a surface of the crystallized 
semiconductor film by etching, 
10 a step of further crystallizing the crystallized semiconductor film by 

irradiating the crystallized semiconductor film with first laser light, 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light, 

a step of forming a barrier layer protecting the crystallized semiconductor film 
15 over the crystallized semiconductor film, 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer, 

a step of performing gettering by moving the metal element to the gettering 

layer, 

20 a step of removing the gettering layer by performing etching with the barrier 

layer as a stopper, 

a step of removing the barrier layer, and 

a step of irradiating the crystallized semiconductor film with third laser light 
having a lower energy density than the first laser light. 
25 [0015] 

According to this second method for manufacturing the semiconductor device, 
the same effect as the first method for manufacturing the semiconductor device can be 
obtained. 

In addition, there is a case in which an oxide film may be formed on a surface 
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of the crystallized semiconductor film while forming the crystallized semiconductor 
film by treating the amorphous semiconductor film with heat. When removing this 
oxide film by etching, pinholes may be formed on the surface of the crystallized 
semiconductor film. On the other hand, in the second method for manufacturing a 
5 semiconductor device, the crystallized semiconductor film is irradiated with the second 
laser light after the irradiation of the first laser light. Therefore, even in the case in 
which the pinholes are formed on the surface of the crystallized semiconductor film 
while etching the oxide film, thiess pinholes can be filled. 
[0016] 

10 A third method for manufacturing a semiconductor device of the present 

invention includes, 

a step of forming an amorphous semiconductor film containing silicon over a 
substrate having an insulating surface, 

a step of adding a metal element for promoting crystallization of the 
15 amorphous semiconductor film to the amorphous semiconductor film, 

a step of forming a crystallized semiconductor film by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film, 

a step of further crystallizing the crystallized semiconductor film by 
20 irradiating the crystallized semiconductor film with first laser light, 

a step of forming a barrier layer protecting the crystallized semiconductor film 
over the crystallized semiconductor film, 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer, 
25 a step of removing or reducing the metal element contained in the crystallized 

semiconductor film by gettering the metal element to the gettering layer, 

a step of removing the gettering layer by performing etching with the barrier 
layer as a stopper, 

a step of removing the barrier layer, 
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a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light, 

a step of forming a gate insulating film over the crystallized semiconductor 
film, and 

5 a step of forming a gate electrode over the gate insulating film. 

[0017] 

A fourth method for manufacturing a semiconductor device of the present 
invention includes, 

a step of forming a gate electrode over a substrate having an insulating 

10 surface, 

a step of forming a gate insulating film over the gate electrode, 

a step of forming an amorphous semiconductor film containing silicon over 
the gate insulating film, 

a step of adding a metal element for promoting crystallization of the 
15 amorphous semiconductor film to the amorphous semiconductor film, 

a step of forming a crystallized semiconductor fdm by crystallizing the 
amorphous semiconductor film by performing a first heat treatment on the amorphous 
semiconductor film, 

a step of further crystallizing the crystallized semiconductor film by 
20 irradiating the crystallized semiconductor film with first laser light, 

a step of forming a barrier layer protecting the crystallized semiconductor film 
over the crystallized semiconductor film, 

a step of forming a gettering layer formed of a semiconductor containing a 
rare gas element over the barrier layer, 
25 a step of removing or reducing the metal element contained in the crystallized 

semiconductor film by gettering the metal element to the gettering layer, 

a step of removing the barrier layer, and 

a step of irradiating the crystallized semiconductor film with second laser light 
having a lower energy density than the first laser light. 
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[0018] 

In any of the foregoing manufacturing methods of the semiconductor device, 
the gettering step may be a step in which a second heat treatment is performed to the 
amorphous semiconductor film and the gettering layer, or may be a step in which the 
5 gettering layer and the amorphous semiconductor film is irradiated with intense light. 
Alternatively, it may be a step in which a heat treatment is performed to and intense 
light is emitted to the gettering layer and the amorphous semiconductor film. 
[0019] 

In any one of the foregoing methods for manufacturing the semiconductor 
10 device, the metal element is preferably one kind or plural kinds selected from Fe, Ni, 
Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au. 

In any one of the foregoing method for manufacturing the semiconductor 
device, the rare gas element contained in the gettering layer is preferably one kind or 
plural kinds selected from He, Ne, Ar, Ki, and Xe. 
15 [Effect of the Invention] 
[0020] 

As described above, according to the present invention, even if pinhole are 
formed while removing the gettering layer serving as a gettering sink of the metal 
element, the pinholes can be filled. Therefore, the number of pinholes remaining in 
20 the crystallized semiconductor film can be reduced in the manufactured semiconductor 
device. 

[Embodiment Modes for carrying out the Invention] 
[0021] 

(Embodiment Mode 1) 

25 Hereinafter, Embodiment Mode 1 of the present invention is described with 

reference to FIGS. 1A to 5. A manufacturing method of a semiconductor device of 
this embodiment mode includes a step of forming an amorphous semiconductor film 
over an insulating surface, a step of adding a metal element (such as nickel) for 
promoting crystallization to the amorphous semiconductor film, a step of forming a 
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crystallized semiconductor film by crystallizing the amorphous semiconductor film by 
a heating treatment, a step of irradiating the crystallized semiconductor film with a first 
laser light to enhance its crystallinity, a step of forming an oxide film which is a barrier 
layer over the crystallized semiconductor film, a step of forming a gettering layer over 

5 the barrier layer, a step of gettering the metal element in the crystallized semiconductor 
film to the gettering layer by performing a heat treatment on the crystallized 
semiconductor film, the barrier layer, and the gettering layer, a step of removing the 
gettering layer and the barrier layer, and a step of filling pinholes over the crystallized 
semiconductor film by irradiating the crystallized semiconductor film with a second 

10 laser light which has a lower energy density (for example, has a lower energy density 
by approximately 30 mJ/cm 2 to 60 mJ/cm 2 ) than the first laser light in an inert gas 
atmosphere, a vacuum, or an air. 
[0022] 

First, as shown in FIG 1A, a base insulating film 2 is formed over a substrate 
15 1. Here, as the substrate 1, a glass substrate, a quartz substrate, a ceramic substrate, 
or the like can be used. Alternatively, a silicon substrate, a metal substrate, or a 
stainless steel substrate with an insulating film on their surfaces may be used. Further 
alternatively, a plastic substrate which can thermally withstand a processing 
temperature in every step described below may be used. 
20 [0023] 

The base insulating film 2 is formed so that an element contained in the 
substrate 1 (such as an alkali metal) is not diffused to a semiconductor film to be 
formed thereover. As the base insulating film 2, an insulating film such as a silicon 
oxide film, a silicon nitride film, or a silicon oxynitride film (SiO x N y ) is used. For 
25 example, an insulating film in Which a first layer and a second layer are stacked is 
shown below as an example. The first layer is a first silicon oxynitride film which is 
formed using S1H4, NH 3 , and N 2 0 as a reactive gas, and has a film thickness of 50 to 
100 nm. The second layer is a second silicon oxynitride film which is formed using 
S1H4 and N 2 0 as a reactive gas, and has a film thickness of 100 to 150 nm. 
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Alternatively, the base insulating film 2 may have a single-layer structure. In this 
case, it is preferable that a silicon nitride film (SiN film) or a second silicon oxynitride 
film (SiN^Oy film (X )) Y)) which is formed by the foregoing process be used as the 
base insulating film 2. During gettering, the metal element (such as nickel) tends to 
move to a region having a high oxygen concentration, therefore, it is preferable that the 
base insulating film 2 be a silicon nitride film. Further, an insulating film having a 
three-layer structure may be the base insulating film 2, in which a first silicon 
oxynitride film, a second silicon oxynitride film, and a silicon nitride film are 
sequentially stacked. 
[0024] 

Subsequently, a semiconductor film (hereinafter, referred to as an amorphous 
semiconductor film) 3 having an amorphous structure is formed over the base 
insulating film 2 by, for example, a sputtering method. The amorphous 
semiconductor film 3 is formed of a semiconductor material containing silicon as its 
main component. For example, the amorphous semiconductor film 3 is an amorphous 
silicon film, an amorphous silicon germanium film, or the like and is formed by a 
plasma CVD method, a low pressure CVD method, or a sputtering method to have a 
thickness of 10 to 100 nm. In order to obtain a superior crystalline structure in a 
subsequent crystallization step, an impurity concentration of oxygen, nitrogen, and the 
like contained in the amorphous semiconductor film 3 is preferably reduced to be 5 x 
10 18 /cm 3 (an atomic concentration measured by secondary ion mass spectrometry 
(SIMS)) or lower. Such impurities become a factor to obstruct the subsequent 
crystallization and after the crystallization, become a factor to increase a density of a 
trapping center or a recombination center. Therefore, it is desirable to use an 
ultra-high vacuum CVD apparatus provided with a reaction chamber in which a mirror 
surface treatment (electric field polishing treatment) is performed and with an oil-free 
type vacuum evacuation system, as well as to use a material gas of high purity. 
[0025] 

Then, the amorphous semiconductor film 3 is crystallized. Here, a technique 
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described in Japanese Published Patent Application No. H8-78329 is used. The 
technique described in the bulletin is to selectively add a metal element for promoting 
crystallization to an amorphous silicon film (also called amorphous silicon film) and to 
perform a heating treatment so as to crystallize the amorphous silicon film with the 
5 added region as a starting point. The details are described below. 
[0026] 

First, as shown in FIG IB, a metal-containing layer 4 is formed over the 
surface of the amorphous semiconductor film 3. The a metal-containing layer 4 
contains a metal element (for example, one kind or plural kinds selected from Fe, Ni, 

10 Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au) which has a catalyst action for promoting 
crystallization of a semiconductor film. When the metal element is Ni, the a 
metal-containing layer 4 is formed, for example, by applying a nickel acetate solution 
containing nickel at 1 to 100 ppm in weight by a spinner. Note that in addition to 
coating, a forming method of the metal-containing layer 4 is a method for forming an 

15 extremely thin film by a sputtering method, a vapor deposition method, or a plasma 
treatment. In addition, although an example in which the entire surface is coated is 
shown here, the metal-containing layer may be selectively formed by forming a mask. 
Further, the metal-containing layer 4 may be formed before forming the amorphous 
semiconductor film 3, that is, under the amorphous semiconductor film 3. 

20 [0027] 

Then, as shown in FIG 1C, a heating treatment is performed to the substrate 1, 
the base insulating film 2, the amorphous semiconductor film 3, and the 
metal-containing layer 4. By this, an alloy of the metal element and the 
semiconductor is formed in the semiconductor and crystallization progresses with the 
25 alloy as the nucleus. Accordingly, the amorphous semiconductor film 3 is 
crystallized and a semiconductor film 5a having a crystalline structure (hereinafter, 
referred to as a crystallized semiconductor film) is formed. Note that it is desirable 
that the concentration of oxygen contained in the crystallized semiconductor film 5a be 
set to 5 x 10 18 /cm 3 or lower. Here, after a heat treatment for dehydrogenation (at 
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450°C for 1 hour), a heat treatment for crystallization (at 550°C to 650°C for 4 to 24 

hours) is performed. 

[0028] 

Alternatively, crystallization of the amorphous semiconductor film 3 can be 
performed by irradiation of intense light instead of the heating treatment. In this case, 
any one or a combination of infrared light, visible light, or ultraviolet light, can be used. 
Typically, light emitted from a halogen lamp, a metal halide lamp, a xenon arc lamp, a 
carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp is used. 
A lamp light source is lighted for 1 to 60 seconds, preferably 30 to 60 seconds, and 
such lightning is repeated 1 to 10 times, preferably, 2 to 6 times. The Hght-emission 
intensity of the lamp light source is arbitrary, but it is set so that the semiconductor 
film is instantaneously heated up to approximately 600 to 100O°C. Note that, if 
necessary, a heat treatment may be performed so that hydrogen contained in the 
amorphous semiconductor film 3 having an amorphous structure is discharged before 
the irradiation of intense light. Alternatively, the crystallization may be performed by 
performing both the heating treatment and intense light irradiation. 
[0029] 

Note that during the foregoing heating treatment or intense light irradiation 
treatment, an oxide film which is not shown is formed on the surface of the crystallized 
semiconductor film 5a. The oxide film is preferably removed by etching before 
performing the next step. 
[0030] 

Then, as shown in FIG ID, the crystallized semiconductor film 5a is 
irradiated with the first laser light in an air or oxygen atmosphere in order to increase a 
crystallization rate (proportion of a crystalline component to the total volume of the 
film) and to repair defects remaining in crystal grains. Note that when the first laser 
light is emitted, as shown in an enlarged view of FIG ID, projections and depressions 
are formed on the surface of the crystallized semiconductor film 45a. Subsequently, 
the metal aggregates to the tip of the projected portion to form an alloy 5b of the 
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semiconductor and the metal (for example, NiSi). Note that although not shown, the 
superficial layer of the crystallized semiconductor film 5a is oxidized, and the oxide 
film serves as a part of the barrier layer described below. 
[0031] 

As the first laser light, a pulsed or CW excimer laser, YAG laser, YV0 4 laser, 
YLF laser, YA10 3 laser, glass laser, ruby laser, Alexandrite laser, sapphire laser, or the 
like which has a wavelength of 400 nm or shorter can be used. Alternatively, light 
emitted from an ultraviolet lamp may be used instead of the foregoing laser lights. 

In the case of using the foregoing laser, laser light emitted from the laser 
oscillator may be linearly condensed with an optical system and emitted to the 
semiconductor film. Although the crystallization condition is appropriately selected 
by a practitioner, in the case of using a pulsed excimer laser, for example, a pulse 
repetition rate is set to 30 Hz and a laser energy density is set to 100 to 500 mJ/cm 2 . 
In addition, in the case of using a pulsed YAG laser or YV0 4 laser, it is preferable that 
a second harmonic or a third harmonic be used, that a pulse repetition rate be set to 1 to 
10 kHz, and that a laser energy density be set to 300 to 600 mJ/cm 2 . In this 
embodiment mode, the laser energy density is 390 mJ/cm 2 Then, the entire surface 
of the substrate is irradiated with laser light which is linearly condensed to have a 
width of 100 to 1000 pm, for example, 400 pm. At this time, the overlap ratio 
(overlap ratio) of the laser light is preferably set to 80 to 98%. 
{0032] 

Further in addition, in the case of using a CW laser (such as a CW YV0 4 
laser), laser light emitted from a CW YV0 4 laser having an output of 10 W is 
converted into a high harmonic (second harmonic to fourth harmonic) with a 
non-linear optical element. Alternatively, there is a method in which a YV0 4 crystal 
and a non-linear optical element are set in a resonator to emit a high harmonic. It is 
preferably shaped with an optical system to be laser light having a rectangular or 
elliptical shape at the irradiation surface and the amorphous semiconductor film 3 is 
irradiated with the laser light. The energy density at this time needs to be 
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approximately 0.001 to 100 MW/cm 2 (preferably, 0.1 to 10 MW/cm 2 ). The 
semiconductor film may be irradiated with the laser light while being moved relatively 
thereto at a rate of approximately 0.5 to 2000 cm/s. 
[0033] 

5 In thus obtained crystallized semiconductor film 5a, the metal element (here, 

nickel) remains. Although the metal element is not uniformly distributed in the film, 
it remains at a concentration over lxl0 19 /cm 3 on average in many cases. It is 
needless to say that various types of semiconductor elements such as a TFT can be 
formed in such a state, but in this embodiment mode, the element is removed by the 
10 method described below. 
[0034] 

First, as shown in FIG IE, an oxide film (called chemical oxide) is formed on 
the surface of the crystallized semiconductor film 5a by treating the surface of the 
crystallized semiconductor film 5a with an aqueous solution containing ozone 
15 (typically, ozone water). By this, a barrier layer 6 which is formed of the oxide film 
having the total thickness of 1 to 10 nm is formed. The barrier layer 6 serves as an 
etching stopper when selectively removing only a gettering layer in a subsequent step. 
[0035] 

Here, the barrier layer 6 (chemical oxide) can be similarly formed by a 
20 treatment with a solution in which hydrogen peroxide is mixed with sulfuric acid, 

hydrochloric acid, nitric acid, or the like, instead of the solution containing ozone. 

Alternatively, the barrier layer 6 may be formed by emitting ultraviolet light in an 

oxygen atmosphere to generate ozone and oxidizing the surface of the crystallized 

semiconductor film 5a with this ozone. 
25 [0036] 

Further alternatively, an oxide film may be deposited by a plasma CVD 
method, a sputtering method, a vapor deposition method, or the like to have a thickness 
of approximately 1 to 10 nm, as the barrier layer 6. In the case of using a plasma 
CVD method, a sputtering method, a vapor deposition method, or the like for forming 
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the barrier layer 6, it is desirable that the formation be performed after washing the 
surface of the crystallized semiconductor film 5a to remove a natural oxide film, an 
oxide film formed by irradiation of the laser light, and the like. 
[0037] 

5 In the case of using a plasma CVD method for forming the barrier layer 6, a 

silane based gas (monosilane, disilane, trisilane, or the like) and a nitrogen oxide based 
gas (a gas described as NO*) are used as a raw material gas. For example, a silicon 
oxynitride film is formed by using monosilane (S1H4) and nitrous oxide (N 2 0), by 
using TEOS gas and N 2 0, or by using TEOS gas, N 2 0, and 0 2 as a raw material gas to 

10 have a thickness of 10 nm or less, preferably, 5 nm or less. This silicon oxynitride 
film has high adhesion to the crystallized semiconductor film 5a and generates less 
peeling in a subsequent step (formation of the gettering layer), compared with an oxide 
film (called chemical oxide) obtained from an aqueous solution containing ozone 
(typically, ozone water) or an oxide film obtained by ultraviolet light irradiation in an 

15 oxygen atmosphere. In the case of using a plasma CVD method, an argon plasma 
treatment may be performed before forming the barrier layer in order to enhance the 
adhesion. 
[0038] 

In addition, there is another method of forming the barrier layer 6, in which a 
20 clean oven is used and heated to approximately 200 to 350°C to form a thin oxide film. 
The barrier layer 6 is not particularly limited as long as it is formed using one of the 
foregoing methods or a combination thereof. However, the film property and the film 
thickness are required to be set so that the metal element (such as nickel) in the 
crystallized semiconductor film 5a can move to the gettering layer in subsequent 
25 gettering. Note that if a silicon oxynitride film having the foregoing range of film 
thickness is used, the metal element can move to a gettering site, passing through the 
barrier layer. 
[0039] 

Then, as shown in FIG 2A, a gettering layer 7 containing a rare gas element is 
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formed over the barrier layer 6 as a gettering site. Here, a semiconductor film 
containing a rare gas element is formed as the gettering layer 7 by a sputtering method. 
Note that as described above, it is desirable that the sputtering condition of the 
amorphous semiconductor film 3 be appropriately adjusted so that a rare gas element is 
5 not added thereto. However, when forming the gettering layer 7, the sputtering 
condition is appropriately adjusted so that a rare gas element is added thereto. As the 
rare gas element, one kind or plural kinds selected from helium (He), neon (Ne), argon 
(Ar), krypton (Kr), and xenon (Xe) are used. Among them, argon (Ar), which is an 
inexpensive gas, is preferable. Here, the gettering layer 7 is formed by sputtering a 
10 target formed of silicon in an atmosphere containing the rare gas element. There are 
two purposes to make the gettering layer 7 contain the rare gas element ion which is an 
inert gas. One is to form a dangling bond so that the semiconductor film constituting 
the gettering layer 7 has distortion. The other one is to give distortion between 
lattices of the semiconductor film. To give distortion between lattices of the 
15 semiconductor film, it is preferable to use an element such as argon (Ar), krypton (Kr), 
xenon (Xe), or the like having a larger atomic radius than the element constituting the 
semiconductor film (such as silicon). Further, if the semiconductor film contains a 
rare gas element, not only a lattice distortion is generated, but also a dangling bond is 
formed; therefore, the gettering ability of the semiconductor film is further improved. 
20 [0040] 

Note that in the case of forming the gettering layer 7 using a target containing 
phosphorus which is an impurity element having one conductivity, gettering utilizing 
the coulomb force of phosphorus can be carried out in addition to gettering with the 
rare gas element. 

25 In addition, during gettering, the metal element (such as nickel) tends to move 

to a region having a high oxygen concentration; therefore, the concentration of oxygen 
contained in the gettering layer 7 is desirably higher than the concentration of oxygen 
contained in the amorphous semiconductor film 3, for example, 5 x lfj'W or higher. 
[0041] 
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Then, as shown in FIG 2B, gettering of the metal element (such as nickel) is 
performed by performing a heat treatment (such as a heating treatment or irradiation 
treatment of intense light) to the crystallized semiconductor film 5a, the barrier layer 6, 
and the gettering layer 7, thereby lowering the concentration of or removing the metal 

5 element in the crystallized semiconductor film 5a. That is, by heating or emitting 
intense light, the metal element moves in the direction of an arrow in FIG 2B (that is, a 
direction from the crystallized semiconductor film 5a to the gettering layer 7, passing 
through the barrier layer 6), so that the metal element contained in the crystallized 
semiconductor film 5a is removed or the concentration of the metal element is lowered. 

10 In order to make the metal element gettered, the metal element needs to move a 
distance approximately at least the thickness of the crystallized semiconductor film 5a; 
therefore, the gettering can be completed within a comparatively short period. Here, 
gettering is sufficiently performed so that the metal element hardly remains in the 
crystallized semiconductor film 5a, that is, so that the nickel concentration in the film 

15 becomes 1 x 10 1 W or lower, desirably, 1 x lO'W or lower. 
[0042] 

In this specification, gettering refers to emission of the metal element 
contained in a region to be gettered (here, the crystallized semiconductor film 5a) due 
to heat energy and movement thereof to a gettering site due to diffusion. Therefore, 

20 gettering depends on a processing temperature; therefore, the higher the temperature is, 
in the shorter period the gettering proceeds. In a certain heat treatment condition of 
the gettering, the crystallization rate of the crystallized semiconductor film 5a is 
heightened at the same time as the gettering, whereby defects remaining in crystal 
grains can be repaired, that is, the crystallinity can be improved. 

25 [0043] 

In the case where a treatment of intense light irradiation is performed as the 
heat treatment of the gettering, a lamp light source for heating is lighted for 1 to 60 
seconds, preferably 30 to 60 seconds, and such lightning is repeated 1 to 10 times, 
preferably, 2 to 6 times. The light-emission intensity of the lamp light source is 
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arbitrary, but it is set so that the semiconductor film is instantaneously heated up to 

approximately 600 to 1000°C, preferably approximately, 700 to 750°C. 

[0044] 

Note that in the case where a heating treatment is performed as the heat 
5 treatment of the gettering, a heat treatment may be performed at 450 to 800°C for 1 to 
24 hours, for example, at 550 °C for 14 hours in a nitrogen atmosphere. In addition, 
intense light may be emitted in addition to this heat treatment. 

Note that the superficial layer of the gettering layer 7 is oxidized by this heat 
treatment, and the oxide film 7a is formed. 
10 [0045] 

Subsequently, as shown in FIG 2C, the oxide film 7a is removed by etching. 
Then, etching is performed using the barrier layer 6 as an etching stopper to selectively 
remove only the gettering layer 7. At this time, a part of the superficial layer of the 
crystallized semiconductor film 5a, in which the alloy 5b (such as NiSi) of the 
15 semiconductor and the metal is formed is also etched, so that a pinhole 8 is formed. 
The reason for this is as described with reference to FIGS. 16A to 16C and FIGS. 17A 
to 17D. 
[0046] 

Note that as a method of selectively etching only the gettering layer 7, there 
20 are dry etching using plasma by C1F 3 and wet etching using an alkaline solution such 
as an aqueous solution containing hydrazine or tetraethyl ammonium hydroxide 
(chemical formula (CH 3 ) 4 NOH). 
[0047] 

Then, as shown in FIG 2D, the barrier layer 6 which is formed of an oxide 
25 film is removed by an etchant, for example, containing hydrofluoric acid. 
[0048] 

Next, as shown in FIG 2E, the crystallized semiconductor film 5a is irradiated 
with the second laser light in an air atmosphere, a nitrogen atmosphere, or a vacuum. 
The energy density of the second laser light is set lower than that of the first light used 
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in a step shown in FIG ID. The difference in the energy density between the first 
laser light and the second laser light is set to be preferably, for example, 30 mJ/cm 2 or 
more and 80 mJ/cm 2 or less. However, the preferable difference in the energy density 
differs depending on the thickness or the like of the crystallized semiconductor film 5a. 
5 As this laser light (the second laser light), excimer laser light having a wavelength of 
400 nm or less or a second harmonic or a third harmonic of a YAG laser is used. In 
addition, light emitted from an ultraviolet lamp may be used instead of excimer laser 
light. 

By irradiating the crystallized semiconductor film 5a with the second laser 
10 light, in the superficial layer of the crystallized semiconductor film 5a, a 
semiconductor element around the pinhole 8 is moved into the pinhole 8, so that the 
pinhole 8 is filled. 
[0049] 

Each of FIGS. 3A to 3E is an SEM photograph (magnification: x 5000) in 
15 which the surface of the crystallized semiconductor film 5a is enlarged. FIG 3A is an 
SEM photograph of the surface of the crystallized semiconductor film 5a before 
irradiation of the second laser light. FIGS. 3B to 3E are SEM photographs of the 
surface of the crystallized semiconductor film 5a after irradiation of the second laser 
light with an energy density of 369.5 mJ/cm 2 , 351.7 mJ/cm 2 , 328.3 mJ/cm 2 , 309.0 
20 mJ/cm 2 , respectively. In addition, the numbers of pinholes per unit area, which exist 
in the surface of the crystalline silicon films which are treated in different conditions, 
are shown in Table 1. The number of pinholes is measured by counting the pinholes 
included in a screen at one time using an SEM. Note that the unit area here is a 
region displayed on the screen at one time at the foregoing magnification (for example, 
25 3021 urn 2 ), m addition, the energy density of the first laser light is 389 mJ/cm 2 . 
[0050] 



Energy density (mJ/cm 2 ) 


Pinhole density 


Number of pinholes 




(amount/iim 2 ) 
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no second laser light 
irradiation 


1.7E-03 


5 


369.5 


3.3 E-04 


1 


351.7 


0 


0 


328.3 


0 


0 


309 


0 


0 



[0051] 

As shown in a photograph of FIG 3A, in the case where the surface of the 
crystallized semiconductor film 5a is not irradiated with the second laser light, a 
plurality of pinholes existed on the surface of the crystallized silicon film 5a. The 

5 number thereof was, as shown in Table 1, 5 per unit area (the pinhole density is 1.7 
E-3/fim 2 ). On the other hand, as shown in FIGS. 3B to 3E, the number of pinholes 
was small when the second laser light was emitted. In addition, as shown in Table 1, 
in the case where the energy density of the second laser light was 369. 5 mJ/cm 2 , the 
number of pinholes was 1 per unit area (the pinhole density is 3.3 E-4/^m 2 ), which is 

10 1/5 compared to the case of no irradiation. Further, if the energy density of the 
second laser light was 351.7 mJ/cm 2 or less, the pinhole hardly existed. 
[0052] 

As apparent from the pictures of FIGS. 3A to 3E and Table 1, the pinholes can 
be removed from the surface of the crystallized semiconductor film 5a by irradiating 

15 the second laser light. It is highly advantageous to eliminate the pinholes. For 
example, coverage of a film formed over the crystallized semiconductor film 5a (such 
as a gate insulating film of a TFT) is improved. By this, in the case of forming a 
source and a drain of the TFT with the crystallized semiconductor film 5a, gate leak 
current is reduced. In addition, a defect in voltage resistance of the gate insulating 

20 film is reduced. In such a manner, reliability of the TFT can be improved. 
[0053] 

In addition, in the case where a rare gas element is added to the crystallized 
semiconductor film 5a when forming the gettering layer 7, the rare gas element in the 
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crystallized semiconductor film 5a can be removed or reduced by emitting the second 

laser light. 

[0054] 

(Embodiment Mode 2) 

5 Next, Embodiment Mode 2 is described with reference to FIGS, 4A to 4D. 

In this embodiment mode, the same structure as that in Embodiment Mode 1 is denoted 

by the same reference numeral and description thereof is omitted. 

First, as shown in FIG 4A, the base insulating film 2 is formed over the 

substrate 1 and an amorphous semiconductor film (not shown) is formed thereover. 
10 Subsequently, a metal-containing layer (not shown) is formed on the surface of the 

amorphous semiconductor film. The amorphous semiconductor film is crystallized 

by performing a heating treatment to form the crystallized semiconductor film 5a. 

These steps are approximately the same as the steps shown in FIGS. 1A to 1C of 

Embodiment Mode 1. 
15 [0055] 

Here, since the heat treatment is performed in an atmosphere containing 
oxygen (such as an air), an oxide film 5c is formed on the superficial layer of the 
crystallized semiconductor film 5a. 

Therefore, as shown in FIG 4B, the oxide film 5c needs to be removed by 
20 performing etching using an etchant containing, for example, hydrofluoric acid. At 
this time, there is a case where pinholes are formed On the surface of the crystallized 
semiconductor film 5a. 
[0056] 

Then, the surface of the crystallized semiconductor film 5a is irradiated with 
25 the first laser light to improve the crystallinity of the crystallized semiconductor film 
5a, the crystallized semiconductor film 5a is irradiated with the second laser light to fill 
the pinholes. Here, the irradiation condition of the first laser light and the second 
laser light is approximately the same as the irradiation condition of the second laser 
light in Embodiment Mode 1. However, the energy density of the second laser light 
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may be different from that of Embodiment Mode 1. 

[0057] 

Subsequently, as shown in FIG 4C, the barrier layer 6 and the gettering layer 
7 are formed and a heating treatment is performed to perform gettering of the metal 
element contained in the crystallized semiconductor film 5a. Details of these steps 
are approximately same as the treatments shown in FIGS. IE to 2B of Embodiment 
Mode 1. Note that the oxide film 7a is formed on the surface of the gettering layer 7 
by the heating treatment. 
[0058] 

Then as shown in FIG 4D, the oxide film 7a, the gettering layer 7, and the 
barrier layer 6a are removed. Next, the crystallized semiconductor film 5a is 
irradiated with a third laser light (which corresponds to the second laser light in 
Embodiment Mode 1) to fill the pinholes formed in the crystallized semiconductor film 
5a. These steps are approximately the same as the steps shown in FIGS. 2C to 2E of 
Embodiment Mode 1. 
[0059] 

According to Embodiment Mode 2, the same effect as Embodiment Mode 1 
can be obtained. In addition, even if pinholes are formed while removing the oxide 
film 5c from the crystallized semiconductor film 5a, the pinholes are filled since the 
second laser light is emitted, following the first laser light emission. Therefore, 
coverage of a film formed over the crystallized semiconductor film 5a (such as a gate 
insulating film of a TFT) is improved. In the case of forming a source and a drain of 
the TFT of the crystallized semiconductor film 5a, gate leak current is reduced. In 
addition, a defect in voltage resistance of the gate insulating film is reduced. In such 
a manner, reliability of the TFT can be improved. 
[0060] 

(Experiment) 

The inventors carried out an experiment described below and manufactured a 
sample so as to show that pinholes are filled by emitting the second laser light. 
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[0061] 

First, a sample was prepared in which a base insulating film is formed over a 
glass substrate and an amorphous silicon film is formed thereover by a plasma CVD 
method. Then, after crystallization was performed to form a crystalline silicon film 
5 by applying a solution containing nickel at 10 ppm in weight, a heat treatment at 500°C 
for 1 hour and another heat treatment at 550°C for 4 hours were performed. Next, the 
crystalline silicon film was treated with a solution of 1% hydrofluoric acid for 3 
minutes. The time for this treatment is long compared to the time required for 
removing the surface oxide film from the crystalline silicon film. Therefore, pinholes 
10 are formed on the surface of the crystalline silicon film while the surface oxide film is 
being removed. 
[0062] 

Subsequently, the crystalline silicon film was irradiated with the first laser 
light (excimer laser) in an air atmosphere. Here, the energy density of the first laser 

15 light was set to be 419.2 mJ/cm 2 . Then, the crystalline silicon film was irradiated 
with the second laser light (excimer laser) at 30 Hz in an air atmosphere. Note that a 
plurality of samples was manufactured by changing the energy density of the second 
laser light. Also, a sample which was not irradiated with the second laser light was 
manufactured or comparison. 

20 Then, an SEM photograph of the surface of the manufactured sample was 

taken at 5000 magnification. Also, the number of pinholes included in a unit area 
was counted. The definition of the unit area and a method of counting the pinholes 
are the same as those in Embodiment Mode 1. 
[0063] 

25 Table 2 shows the relation between the number of pinholes and the energy 

density of the second laser light. In addition, FIG 5 shows a graph of data of Table 2. 
[0064] 

[Table 2] ^_ 

| Energy density (mJ/cm 2 ) | Pinhole density [ Number of pinholes 
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[0065] 

As apparent from Table 2 and the graph of FIG 5, on the surface of the 
crystalline silicon film, when it is not irradiated with the second laser light, the 
pinholes existed as many as 7 per unit area (the pinhole density was 2.3 E-3/p.m 2 ). 

5 On the other hand, when the second laser light is emitted, the pinhole hardly existed or 
existed as few as 2 per unit area (the pinhole density was 6.6 E-4/p.m 2 ). According to 
this experiment, it is understood that the pinholes are removed from the surface of the 
crystalline silicon film by irradiating the crystalline silicon film with the second laser 
light. 

10 [0066] 

FIGS. 6A to 61 show SEM photographs of the samples. In the case of not 
emitting the second laser light (FIG 61), the pinholes exist on the surface of the sample. 
In the case where the energy density of the second laser light is any of 408.1 mJ/cm 2 
(FIG 6A), 389.8 mJ/cm 2 (FIG 6C), 379.3 mJ/cm 2 (FIG 6D), and 338.7 mJ/cm 2 (FIG 
15 6H), the pinholes exist. Note that the number of pinholes were decreased when the 
samples were seen from a broader area than the region of which its image was taken. 
In addition, in the case where the energy density of the second laser light is any of 
399.4 mJ/cm 2 (FIG 6B), 370.3 mJ/cm 2 (FIG 6E), 361.7 mJ/cm 2 (FIG 6F), and 348.9 
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mJ/cm 2 (FIG 6G), the pinhole hardly exist on the surface of the sample. 
[0067] 

(Embodiment Mode 3) 

Then, Embodiment Mode 3 is described with reference to FIGS. 7A to 7C. 
5 hi this embodiment mode, a TFT is formed using the crystallized semiconductor film 
5a formed in Embodiment Mode 1 or 2. Hereinafter, the same structure as that in 
Embodiment Mode 1 is denoted by the same reference numeral and description thereof 
is omitted. 
(0068] 

10 First as shown in FIG 7A, the base insulating film 2 is formed over the 

substrate 1 and the crystallized semiconductor film 5a is formed thereover. Here, the 
treatments shown in FIGS. ID to 2E of Embodiment Mode 1 are performed to the 
crystallized semiconductor film 5a; therefore, the metal element does not exist or the 
amount of the metal element is reduced. Also, the pinhole does not exist on the 

15 surface of the crystallized semiconductor film 5a. 
[0069] 

Subsequently, as shown in FIG 7B, a resist pattern is formed by applying a 
photoresist film (not shown) over the crystallized semiconductor film 5a, exposing this 
photoresist film to light, and developing it. Then, a crystalline semiconductor layer 

20 10 having a desired form is formed by etching the crystallized semiconductor film 5a 
with this resist pattern as a mask. At this time, it is desirable that a thin oxide film be 
formed on the surface of the crystallized semiconductor film 5a by treating the surface 
of the crystallized semiconductor film 5a with ozone water before applying the 
photoresist film. 

25 [0070] 

Next, as shown in FIG 7C, after the surface of the crystalline semiconductor 
layer 10 is washed with an etchant containing hydrofluoric acid, a gate insulating film 
12 is formed over the crystalline semiconductor layer 10. The gate insulating film 12 
is formed of an insulating film whose main component is silicon. The step of 
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washing the surface and the step of forming the gate insulating film 12 are desirably 

carried out continuously without being exposed to an air. 

[0071] 

Subsequently, after the surface of the gate insulating film 12 is washed, a 

5 metal film whose main component is Al, Cu, W, or the like is formed over the entire 
surface including over the gate insulating film 12. Then, a resist pattern is formed by 
applying a photoresist film (not shown) over the metal film, exposing this photoresist 
film to light, and developing it. Next, a gate electrode 13 is formed over the gate 
insulating film 12 by etching the metal film with this resist pattern as a mask. Then, a 

10 source region 14 and a drain region 15 are formed by introducing an n-type impurity 
ion (ion of P, As, or the like; here, P ion) to the crystallized semiconductor film 5a with 
the gate electrode 13 as a mask. Then, the n-type impurity is activated by performing 
a heating treatment, intense light irradiation, or laser fight irradiation. At this time, 
during the activation, the interface between the gate insulating film 12 and the 

15 crystalline semiconductor layer 10, and the gate insulating film 12 can be recovered 
from plasma damage. In particular, it is highly advantageous to activate the impurity 
element by irradiating the front surface or the back surface with a second harmonic of 
a YAG laser in an atmosphere of a room temperature to 300°C. A YAG laser is a 
favorable activation means since its maintenance is easy. 

20 [0072] 

Subsequently, an interlayer insulating film 16 is formed over the entire surface 
including the gate insulating film 12 and the gate electrode 13 to perform 
hydrogenation. Then, contact holes located over the source region 14 and the drain 
region 15 are formed by forming a resist pattern over the interlayer insulating film 16 
25 and etching the interlayer insulating film 16 with this resist pattern as a mask. Next, a 
source electrode 17 and a drain electrode 18 are formed by forming a conductive film 
(for example, an Al alloy wiring) over the interlayer insulating film 16 and in the 
contact holes, and by patterning this conductive film. A TFT (an n-channel TFT) is 
formed by the foregoing steps. 
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[0073] 

In the case where the TFT is formed in such a manner, the concentration of the 
metal element contained in a channel formation region 19 can be set to be lower than 1 
x 10 l7 /cm 3 . In addition, since the number of pinholes on the surface of the 
5 semiconductor of the TFT is remarkably decreased, characteristics of the TFT can be 
improved. 
[0074] 

Note that the present invention can be applied not only to the TFT structure 
shown in FIG 7C, but also to a TFT with another structure. For example, it may be a 

10 lightly doped drain (LDD: Lightly Doped Drain) structure in which an LDD region is 
provided between a channel formation region and a drain region (or a source region). 
This structure is the one in which regions to which an impurity element is added at a 
low concentration (hereinafter, referred to as LDD regions) are provided between a 
source region and a channel region, and between a drain region and the channel 

15 formation region. Also, it may be a so-called GOLD (Gate-drain Overlapped LDD) 
structure in which an LDD region is located to overlap a gate electrode with and gate 
insulating film therebetween. 
[0075] 

In addition, it is needless to say that although an n-channel TFT is used for 
20 explanation in this embodiment mode, a p-channel TFT can be formed by using a 
p-type impurity element instead of an n-type impurity element. 

In addition, although a top gate TFT is explained as an example in this 
embodiment mode, it can be applied to, for example, a staggered type TFT. 
[0076] 

25 In addition, the pinholes on the surface of the crystalline semiconductor layer 

10 may be filled by forming the crystalline semiconductor layer 10 having a desired 
shape by patterning, removing an oxide film formed during the patterning, and then 
emitting the second laser light in an air atmosphere, an inert gas atmosphere, or a 
vacuum, instead of emitting the second laser light before patterning the crystallized 



34/66 



a n 

English Translation of JP 2005-327865 A 



semiconductor film 5a. 
[0077] 

(Embodiment Mode 4) 

Then, Embodiment Mode 3 is described with reference to FIGS. 8A to 8E. 
This embodiment mode is a method for manufacturing an inversely staggered type 
(bottom-gate type) TFT. Hereinafter, the same structure as that in Embodiment Mode 
1 is denoted by the same reference numeral and description thereof is omitted. 

First, as shown in FIG 8A, a metal fdm whose main component is Al, Cu, W, 
or the like is formed over the substrate 1. Then, a resist pattern is formed by applying 
a photoresist film (not shown) over this metal film, exposing this photoresist film to 
light, and developing it. Next, a gate electrode 21 is formed over the substrate 1 by 
etching the metal film with this resist pattern as a mask. 
[0078] 

Subsequently, a gate insulating film 22 is formed over the entire surface 
including over the gate electrode 21. The gate insulating film 22 is formed of an 
insulating film whose main component is silicon. 

Then, an amorphous semiconductor film is formed over the gate insulating 
film 22. Next, the crystallized semiconductor film 5a is formed by crystallizing the 
amorphous semiconductor film, and the first laser light is emitted so as to enhance the 
crystallinity of the crystallized semiconductor film 5a. Note that the crystallization 
method of the amorphous semiconductor film is approximately same as that of 
Embodiment Mode 1. 
[0079] 

Subsequently, as shown in FIG 8B, the barrier layer 6 is formed and the 
gettering layer 7 is formed thereover and a heating treatment is performed to perform 
gettering of the metal element contained in the crystallized semiconductor film 5a. 
Details of these steps are approximately same as the treatments shown in FIGS. IE to 
2B of Embodiment Mode 1. Note that the oxide film 7a is formed on the surface of 
the gettering layer 7 by the heating treatment. 



35/66 



English Translation of JP 2005-327865 A 



[0080] 

Then as shown in FIG 8C, the oxide film 7a, the gettering layer 7, and the 
barrier layer 6a are removed. Next, the pinholes formed in the crystallized 
semiconductor film 5a is filled by irradiating the crystallized semiconductor film 5a 
5 with the second laser light. These steps are approximately same as the steps shown in 
FIGS. 2C to 2E of Embodiment Mode 1. 
[0081] 

Subsequently, as shown in FIG 8D, a resist pattern is formed by applying a 
photoresist film (not shown) over the crystallized semiconductor film 5a, exposing this 

10 photoresist film to light, and developing it. Then, a crystallized semiconductor layer 
24 having a desired shape is formed by etching the crystallized semiconductor film 5a 
with this resist pattern as a mask. 

Next, a resist pattern 23 is formed by applying a photoresist film over the 
crystallized semiconductor layer 24, exposing this photoresist film to light, and 

15 developing it. Then, a source region 24a and a drain region 24b are formed by 
introducing an n-type impurity ion (ion such as P or As, here P ion) to the crystalline 
semiconductor layer 24 with the resist pattern 23 as a mask. Then, the n-type 
impurity is activated by performing a heating treatment, intense light irradiation, or 
laser light irradiation. 

20 [0082] 

Subsequently, as shown in FIG 8E, an interlayer insulating film 25 is formed 
over the entire surface including the crystalline semiconductor layer 24. Then, 
contact holes 25a and 25b located over the source region 24a and the drain region 24b, 
respectively are formed by forming a resist pattern over the interlayer insulating film 
25 25 and etching the interlayer insulating film 25 with this resist pattern as a mask. 
Next, a source electrode 26a and a drain electrode 26b are formed by forming a 
conductive film (for example, an Al alloy film) over the interlayer insulating film 25 
and in the contact holes, and by patterning this conductive film. An inversely 
staggered type (an n-channel TFT) is formed by the foregoing steps. 
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[0083] 

In this embodiment mode, also the same effect as that of Embodiment Mode 3 
can be obtained. 
[0084] 
5 (Embodiments) 

[Embodiment 1] Embodiment 1 of the present invention is described with reference to 
FIGS. 9A to 11. This embodiment is a method for manufacturing a pixel portion and 
a TFT (an n-channel TFT and a p-channel TFT) of a driving circuit provided in a 
periphery of the pixel portion at the same time. 
10 [0085] 

First, as shown in FIG 9A, by the method shown in the foregoing 
Embodiment Mode 2, a base insulating film 101 and polysilicon layers 102 to 106 
which are separated to be island-shaped are formed over a glass substrate 100 in this 
order. Note that since the polysilicon layers 102 to 106 are the same as the crystalline 
15 semiconductor layer 10 in Embodiment Mode 2, the steps for forming them is shown 
in the foregoing Embodiment Mode 2; therefore, simplified description is given below. 
[0086] 

First, the base insulating film 101 is formed over the glass substrate 100. 
Although a two-layer structure is used as the base insulating film 101 in this 

20 embodiment, a single-layer film of an insulating film or a structure in which three or 
more layers are stacked may be used. The base insulating film 101 is formed, for 
example, in the following manner. First, as a first layer of the base insulating film 
101, a first silicon oxynitride film (composition ratio: Si - 32%, O = 27%, N = 24%, 
and H = 17%) is formed by a plasma CVD method using SiH* NH 3 , and N 2 0 as a 

25 reactive gas to have a film thickness of 50 nm. Then, as a second layer of the base 
insulating film 101, a second silicon oxynitride film (composition ratio: Si = 32%, O = 
59%, N = 7%, and H = 2%) is formed by a plasma CVD method using SiH4 and N 2 0 
as a reactive gas to have a film thickness of 100 nm. 
[0087] 
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Subsequently, an amorphous silicon film which is one example of an 
amorphous semiconductor film is formed over the base insulating film 101 by a plasma 
CVD method to have a film thickness of 50 nm. Then, a nickel acetate solution 
containing nickel at 10 ppm in weight is applied by a spinner. A method of scattering 
5 nickel elements over the entire surface by a sputtering method may be used instead of 
the applying. 
[0088] 

Next, a polysilicon film which is one example of a crystallized semiconductor 
film is formed by crystallizing the amorphous silicon film by a heating treatment. 

10 This heating treatment may use a heat treatment by an electric furnace or irradiation of 
intense light. A heat treatment by an electric furnace may be carried out, for example, 
at 500°C to 650°C and for approximately 4 to 24 hours. Here, the polysilicon film is 
Obtained by performing a heat treatment for crystallization (550°C for 4 hours) after a 
heat treatment for dehydrogenation (500°C for 1 hour). Note that the heat treatment 

15 may be performed using a lamp annealing apparatus instead of the electric furnace. 
[0089J 

Then, the first light laser light (XeCl: wavelength 308 nm) is emitted in an air 
atmosphere or oxygen atmosphere in order to enhance the crystallinity of the 
polysilicon film and repair defects remaining in crystal grains. As the first laser light, 

20 excimer laser light having a wavelength of 400 nm or shorter, or a second harmonic or 
a third harmonic of a YAG laser is used. In any case, it is acceptable as long as the 
silicon film surface is scanned and irradiated with pulsed laser light with a repetition 
rate of approximately 10 to 1000 Hz which is condensed to 100 to 500 mJ/cm 2 with an 
optical system, and with the overlap ratio of 90 to 95%. Here, irradiation of the first 

25 laser light is performed in an air atmosphere with a repetition rate of 30 Hz and an 
energy density of 410 mJ/cm 2 . Note that irradiation of the first laser light is 
extremely important for removing or reducing a rare gas element (here, argon) in the 
silicon film. Next, an oxide film is formed by treating the surface with ozone water 
for 120 seconds to have the total thickness of 1 to 5 nm; thereby forming a barrier layer 
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(not shown) which is formed of this oxide film and the oxide film formed by 

irradiation of the first laser light. 

[0090] 

Then, an amorphous silicon film containing an argon element to serve as a 
5 gettering site is formed over the barrier layer by a sputtering method to have a film 
thickness of 150 nm. Here, a film formation condition is, for example, set as follows: 
a pressure in a chamber is 0.3 Pa, a flow rate of gas (Ar) is 50 (seem), a film formation 
power is 3 kW, and a temperature of the substrate is 150°C. Note that under the 
foregoing condition, an atomic concentration of an argon element contained in the 
10 amorphous silicon film is 3 x 10 20 /cm 3 to 5 x lO^/cm 3 and an atomic concentration of 
oxygen is 1 x 10 l9 /cm 3 to 3 x l0 ,9 /cm 3 . Thereafter, a metal atom in the polysilicon 
film is getterd to the amorphous silicon film by performing a heat treatment at 650°C 
for 3 minutes using a lamp annealing apparatus. 

Then, after the amorphous silicon film containing an argon element which is a 
15 gettering site is selectively removed by etching using the barrier layer as an etching 
stopper, the barrier layer is selectively removed by dilute hydrofluoric acid. 
[0091] 

Subsequently, pinholes formed on the surface of the polysilicon film are filled 
by performing irradiation of the second laser light in an air atmosphere, nitrogen 

20 atmosphere, or vacuum. As the second laser light, excimer laser light having a 
wavelength of 400 nm or shorter, or a second harmonic or a third harmonic of a YAG 
laser is used. Note that light emitted from an ultraviolet lamp may be used instead of 
the second laser light. At this time, the energy density of the second laser light is set 
to be smaller than the energy density of the first laser light, preferably by 30 to 80 

25 mJ/cm 2 . Here, irradiation of the second laser light is performed with an energy 
density of 360mJ/cm 2 . 
[0092] 

Note that although the second laser light is emitted to the entire surface in this 
embodiment, the second laser light may be selectively emitted to a necessary region. 
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[0093] 

Subsequently, a thin oxide film is formed on the surface of the polysilicon 
film by treating the surface of the obtained polysilicon film with ozone water. Then, 
the polysilicon layers 102 to 106 which are separated to be island-shaped are formed 
5 by forming a mask of a resist and performing an etching treatment so as to realize 
desired shapes using this mask. After forming these polysilicon layers, a mask is 
removed. 
[0094] 

Note that after forming the polysilicon layers 102 to 106, a p-type impurity 
10 element or an n-type impurity element may be added for controlling a threshold value 

(Vth) of the TFT. The p-type impurity element is, for example, an element belonging 

to group 13 of the periodic table, such as boron (B), aluminum (Al), or gallium (Ga). 

The n-type impurity element is, for example, an element belonging to group 15 of the 

periodic table, such as phosphorous (P) or arsenic (As). 
15 [0095] 

Then, the oxide film is removed by an etchant containing hydrofluoric acid, at 
the same time as washing the surfaces of the polysilicon layers 102 to 106. After that, 
a gate insulating film 107 is formed. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32%, O = 59%, N = 7%, and H = 2%) formed by a plasma 
20 CVD method to have a thickness of 1 15 nm is used as the gate insulating film 107. 
[0096] 

Subsequently, a conductive layer to serve as a gate electrode is formed by 
sequentially stacking a first conductive film 108a having a film thickness of 20 to 100 
nm over the gate insulating film 107, a second conductive film 108b having a film 
25 thickness of 100 to 400 nm, and a third conductive film 108c having a film thickness 
of 20 to 100 nm. In this embodiment, a tungsten film having a film thickness of 50 
nm over the gate insulating film 107, a film of an alloy of aluminium and titanium 
(Al-Ti) having a film thickness of 500 nm, and a titanium film having a film thickness 
of 30 nm are used as the first conductive film 108a, the second conductive film 108b, 
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and the conductive film 108c, respectively. 
[0097] 

Note that as well as the foregoing materials, as a conductive material for 
forming the first to third conductive films 108a to 108c, an element selected from Ta, 

5 W, Ti, Mo, Al, or Cu, or an alloy material or a compound material having the foregoing 
element as its main component can be used. For example, tungsten nitride may be 
used instead of tungsten as the first conductive film 108a. A film of an alloy of 
aluminium and silicon (Ai-Si) may be used instead of a film of the alloy of aluminium 
and titanium (Al-Ti) as the second conductive film 108b. A titanium nitride film may 

10 be used instead of the titanium film as the third conductive film 108c. 

In addition, the conductive layer to serve as the gate electrode is not limited to 
a three-layer structure. For example, it may be a two-layer structure including a 
tantalum nitride film and a tungsten film. In addition, as a conductive layer to serve 
as the gate electrode, a single-layer semiconductor film typified by a multicrystalline 

15 silicon film which is doped with an impurity element such as phosphorus may be used.. 
[0098] 

Subsequently, as shown in FIG 9B, masks 110 to 115 formed of resist films 
are formed by applying a photoresist film over the third conductive film 108c, 
exposing this photoresist film to light, and developing it. Then, a first etching 

20 treatment for forming the gate electrode and a wiring is performed by dry etching using 
the masks 110 to 115. 

In this first etching treatment, ICP (Inductively Coupled Plasma : Inductively 
Coupled Plasma) is favorable as plasma for etching. In this case, by appropriately 
adjusting the etching condition (such as the amount of electrical power applied to a 

25 coil-shaped electrode, the amount of electrical power applied to an electrode on a 
substrate side, and a temperature of the electrode on the substrate side), the film can be 
etched into a desired taper shape. 
[0099] 

Note that in the first etching treatment, second etching is performed, for 
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example, after performing first etching. 
[0100] 

In the first etching, a chlorine based gas typified by Cl 2 , BC1 3 , SiCU, CC1 4 , 
and the like, a fluorine based gas typified by CF4, SF & NF 3 , and the like, or 0 2 is 
5 appropriately used as a gas for etching. A gas for etching to be used is not limited; 
however, BC1 3 , Cl 2 , and O2 are appropriately used here. The flow rates are, for 
example, 65/10/5 (seem), respectively. Then, etching is performed for approximately 
117 seconds by generating plasma by giving an RF (13.56 MHz) power of 450 W to a 
coil-shaped electrode at a pressure of 1.2 Pa. At this time, an RF (13.56 MHz) power 
10 of 300 W is also given to the substrate side (a sample stage), so that a substantial 
negative self-bias voltage is applied. By this first etching, the second conductive film 
108b and the third conductive film 108c are etched and edges of the first conductive 
film 108a are formed into a taper shape. 
[0101] 

15 In addition, in the second etching, CF 4 , Cl 2 , and O2 are used as a gas for 

etching. The flow rates of these gasses are, for example, 25/25/10 (seem), 
respectively. An etching treatment is performed for approximately 30 seconds by 
generating plasma by giving an RF (13.56 MHz) power of 500 W to a coil-shaped 
electrode at a pressure of 1 Pa. At this time, an RF (13.56 MHz) power of 20 W is 

20 also given to the substrate side (a sample stage), so that a substantial negative self-bias 
voltage is applied. In the second etching condition in which CF 4 and Cl 2 are mixed, 
each of the first to third conductive films 108a to 108c are etched at the same time. 
Note that in order to perform the etching without residue remaining over the gate 
insulating film 107, an etching time may be increased by approximately 10 to 20%. 

25 [0102] 

By this first etching treatment, conductive layers 117 to 122 (in detail, first 
conductive layers 117a to 122a, second conductive layers 117b to 122b, and third 
conductive layers 117c to 122c) having a first shape, which are formed by the first to 
third conductive layers, are formed over the gate insulating film 107. In addition, in 
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the gate insulating film 107, a region which is not covered with the conductive layers 
117 to 122 having the first shape is thinned by being etched by approximately 20 to 50 
nm. 

Note that in the foregoing first etching treatment, edges of the conductive 
5 layers 117 to 122 having the first shape can be formed into appropriate taper shapes by 
forming the shape of the mask which is formed of the resist into an appropriate shape, 
and by applying appropriate bias voltage to the substrate side. For example, with the 
foregoing condition, the angle of the tapered portion becomes 15 to 45°. 
[0103] 

10 Next, as shown in FIG 9C, a second etching treatment is performed using the 

masks 110 to 115 as they are. In the second etching treatment, BC1 3 and Cl 2 are used 
as a gas for etching. The flow rates of these gasses are 20/60 (seem), respectively. 
Etching is performed by generating plasma by giving an RF (13.56 MHz) power of 
600 W to a coil-shaped electrode at a pressure of 1.2 Pa. At this time, an RF (13.56 

15 MHz) power of 100 W is given to the substrate side (a sample stage). By this second 
etching treatment, conductive layers 124 to 129 (in detail, first conductive layers 124a 
to 129a, second conductive layers 124b to 129b, and third conductive layers 124c to 
129c) having a second shape are formed by anisotropically etching each the second 
conductive layers 117b to 112b which are formed of aluminium containing a small 

20 amount of titanium and the third conductive layers 117c to 112c which are formed of 
titanium. At this time, in the gate insulating film 107, a region which is not covered 
with the conductive layers 124 to 129 having the second shape is thinned by being 
slightly etched. 
[0104] 

25 Note that in FIGS. 9B and 9C, it is shown that the tapered portions in the first 

conductive layers have the same length in every first conductive layer. However, in 
practice, it depends on the wiring width. Therefore, according to the wiring width, 
the lengths of the tapered portions in the first conductive layers 124a to 129a change. 
[0105] 
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Then, a first doping treatment is performed with the masks 110 to 114 
remaining as they are to add an impurity element imparting n-type conductivity to the 
polysilicon layers 102 to 106. The doping treatment may be performed by, for 
example, a plasma doping method or an ion injecting method. In the case of 
5 performing with an ion injecting condition, the injecting condition is set so that, for 
example, a dosage is 1.5 x 10 w atoms/cm 2 and an acceleration voltage is 60 to 100 keV. 
As an impurity element imparting n-type conductivity, phosphorous (P) or arsenic (As) 
is used for example. In this first doping treatment, the conductive layers 124 to 128 
having the second shape serve as masks; therefore, in each of the polysilicon layers 

10 102 to 106, two first impurity regions 130 to 134 are formed in a self-alignment 
manner, respectively. The first impurity regions 130 to 134 are doped with an 
impurity element imparting n-type conductively at a concentration ranging from 1 x 
10 16 to 1 x 10 l7 /cm 3 . 

Note that although in this embodiment, the first doping treatment was 

15 performed without removing the masks 110 to 115, the first doping treatment may be 
performed after removing the masks 110 to 115. 
10106] 

Then, after removing the masks 110 to 115, a photoresist film is applied over 
the entire surface as shown in FIG 10A, and masks 135 and 136 are formed by 

20 exposing this photoresist film to light and developing it. The mask 135 is a mask for 
protecting a channel formation region and a periphery region thereof in the polysilicon 
layer 103 which constitutes one of the p-channei TFTs in the driving circuit. The 
mask 136 is a mask for protecting a channel formation region and a periphery region 
thereof in the polysilicon layer 105 which forms a TFT in the pixel portion. 

25 [0107] 

Subsequently, a second doping treatment is performed using the masks 135 
and 136 and in the polysilicon layers 102, 104, and 106 which are not covered with the 
masks, impurity regions are formed. The doping treatment may be performed by, for 
example, a plasma doping method or an ion injecting method. In the case of 
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performing with an ion injecting condition, the injecting condition is set so that an 

acceleration voltage is 60 to 100 kV. 

[0108] 

At this time, in each of the polysilicon layers 102, 104, and 106, since a film 
5 thickness of an upper layer differs, between a region in which the conductive layers 
124 to 128 having the second shape exist thereover and a region in which they do not 
exist, a dosage differs. Therefore, in each of the polysilicon layers 102, 104, and 106, 
two second impurity regions 180, 181, and 182 of low concentration are formed 
respectively so as to be located under the conductive layers 124 to 128 having a second 

10 shape. At the same time, third impurity regions 137, 139, and 141 located outside 
adjacent to the second impurity regions are formed. In addition, in portions of the 
polysilicon layers 103 and 105, which are not covered with the masks 135 and 136, 
two third impurity regions 138 and 140 are formed, respectively. In specific, in the 
third impurity regions 137 to 141, an n-type impurity element is added at a 

15 concentration ranging from 1 x 10 20 to 1 x lO^/cm 3 . In addition, in the second 
impurity regions 180 to 182, an n-type impurity element is added at a concentration 
ranging from 1 x 10 18 to 1 x I0 19 /cm 3 . 
[0109] 

Note that in FIG 10A, for convenience, the tapered portion in the first 
20 conductive layers 124a to 129a are set to have the same length; however in practice, 
the tapered portion in the first conductive layers 124a to 129a may have different 
lengths depending on a wiring width. In this case, the widths of the second impurity 
regions 180, 181, and 182 differ from one another and the widths of the third impurity 
regions 137, 139, and 141 differ from one another. 
25 [0110] 

Subsequently, as shown in FIG 10B, after removing the masks 135 and 136, a 
photoresist film is newly applied and masks 142 to 144 are formed by exposing this 
photoresist film to light and developing it. The masks 142, 1.43, and 144 are formed 
over the polysilicon layers 102, 104, and 105, respectively. In addition, the mask is 
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not formed over the polysilicon layers 103 and 106 over which a p-channel TFT it to 

be formed. 

[0111] 

Then, a third doping treatment is performed using the masks 142 to 144 by, 
for example, a plasma doping method or an ion injecting method. By this third 
doping treatment, a p-type impurity element is added to a portion of the polysilicon 
layers 103 and 106 which form p-channel TFTs, which is not covered with the 
conductive layers 125 and 128 having the second shape. 
[0112] 

Accordingly, a fourth impurity region 147 and fifth impurity regions 145 and 
146 are formed in the polysilicon layer 103. A fourth impurity region 150 and fifth 
impurity regions 148 and 149 are formed in the polysilicon layer 106. In the fourth 
impurity regions 147 and 150, a p-type impurity element is added at a concentration 
ranging from 1 x 10 18 to 1 x lO^/cm 3 . In addition, in the fifth impurity regions 145, 
146, 148, and 149, although phosphorus (P) which imparts n-type conductivity is 
added in steps shown in FIG 9C and FIG 10A, a p-type impurity element is added at a 
concentration that is 1.5 to 3 times higher than that (for example, 1 x 10 20 to 1 x 
10 21 /cm 3 ); therefore, the conductivity thereof is p-type. Note that among the fifth 
impurity regions, concentrations of both impurity elements of n-type and p-type in the 
regions 145 and 148 are lower than those in the regions of 146 and 149, respectively. 

Note that the polysilicon layer 106 serves as a semiconductor layer for 
forming a holding capacitor in the pixel portion. 
[0113] 

By the foregoing steps, the impurity regions having n-type or p-type 
conductivity are formed in each of the polysilicon layers 102 to 106. In addition, the 
conductive layers 124 to 127 having the second shape serve as the gate electrodes and 
the conductive layer 128 having the second shape serves as one of the electrodes 
forming the holding capacitor in the pixel portion. Further, the conductive layer 129 
having the second shape forms a source wiring in the pixel portion. 
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Note that as long as all of the conductive layers having the second shape and 
the impurity regions (the first impurity region to the fifth impurity region) can be 
formed, the order of the manufacturing steps are not limited to the order described 
above, and the order of etchings and dopings may be appropriately changed. 
5 [0114] 

Then, as shown in FIG, 10C, after removing the masks 142 to 144, an 
insulating film (not shown) is formed to cover nearly the entire surface. In this 
embodiment, a silicon oxide film having a film thickness of 50 nm was formed by a 
plasma CVD method. Needless to say, this insulating film is not limited to a silicon 
10 oxide film, and an insulating film containing another silicon may be used as a 
single-layer or a stacked-layer structure. 
[0115] 

Then, a step of activating the impurity element added to the polysilicon layers 
102 to 106 is performed. This activating step is a rapid thermal annealing method 

15 (RTA method) using a lamp light source, a method of emitting a YAG laser or an 
excimer laser from the back surface, or a heat treatment using a furnace; or a treatment 
in which a plurality of these methods is combined. However, in this embodiment, it 
is necessary that the activating step has a heat treatment condition which is thermally 
withstandable for the second conductive layers 124a to 129a, since a material whose 

20 main component is aluminium is used for the second conductive layers 124a to 129a 
(see FIG 9C) which constitute the conductive layers 124 to 129 having the second 
shape. 
[0116] 

By the foregoing activating treatment, at the same time as the activation of the 
25 impurity element, the metal element used as a catalyst when crystallizing the 
polysilicon layers 102 to 106 are gettered to the third impurity regions 137, 139, and 
140 (see FIG 10A) and to the fifth impurity regions 146 and 149 (see FIG 10B), 
containing phosphorus at a high concentration, so that a nickel concentration in the 
polysilicon layers 102 to 106, mainly in a portion to serve as the channel formation 
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region is reduced. As a result, the crystallinity of the channel formation region is 
improved and an off current of the TFT is reduced. Further, since the crystallinity is 
favorable, a high electron field-effect mobility can be obtained. Accordingly, a TFT 
with favorable characteristics can be obtained. 
5 Note that in this embodiment mode, gettering is performed in advance in the 

step of forming the polysilicon film by the method shown in the foregoing 
Embodiment Mode 1; therefore gettering with the impurity region here is a second 
gettering. 
[0117] 

10 In this embodiment, although an example is shown where the insulating film 

(not shown) is formed before the foregoing activating treatment, a step of forming the 
insulating film may be performed after performing the foregoing activation. 
[0118] 

Subsequently, a first interlayer insulating film 151 formed of a silicon nitride 
15 film is formed. Then, a heat treatment (a heat treatment at 300 to 550°C for 1 to 12 
hours) is performed to cany out a step of hydrogenating the polysilicon layers 102 to 
106. This step is a step of terminating dangling bonds of the polysilicon layers 102 to 
106 by hydrogen contained in the first interlayer insulating film 151, and the 
polysilicon layers 102 to 106 can be hydrogenated whether or not an insulating film 
20 (not shown) formed of a silicon oxide film is provided. However, in this embodiment, 
it is important that the hydrogenating step has a heat treatment condition which is 
thermally withstandable for the second conductive layers 124a to 129a, since a 
material whose main component is aluminium is used for the second conductive layers 
124a to 129a (see FIG 9C) which constitute the conductive layers 124 to 129 having 
25 the second shape. Note that plasma hydrogenation (a hydrogenating treatment with 
hydrogen excited by plasma) may be performed as another means of hydrogenation. 
[0119] 

Then, as shown in FIG 11, a second interlayer insulating film 152 is formed 
over the first interlayer insulating film 151. The second interlayer insulating film 152 
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may be constituted by an organic insulating material or an inorganic insulating material 
In this embodiment, an inorganic siloxane based insulating material containing silicon, 
oxygen, and hydrogen, which is formed using a siloxane material as a starting material; 
or an organic siloxane based insulating material in which hydrogen combined with 
5 silicon contained in such an inorganic siloxane based insulating material is substituted 
with an organic group such as methyl or phenyl is used. Note that it may be an 
acrylic resin film having a film thickness of 1.6 urn. 

Next, a resist pattern is formed over the second interlayer insulating film 152, 
and the second interlayer insulating film 152 and the first interlayer insulating film 151 

10 are etched with this resist pattern as a mask. Accordingly, a contact hole located over 
the conductive layer 129 (that is, the source wiring in the pixel portion) having the 
second shape and contact holes located over the third impurity regions 137 to 141 
formed in the polysilicon layers 102 to 106 are formed. In this embodiment, a 
plurality of etching treatments is sequentially performed. In other words, after the 

15 second interlayer insulating film is etched using the first interlayer insulating film as an 
etching stopper, the first interlayer insulating film is etched using the foregoing 
insulating film which is not shown as an etching stopper, then, the insulating film 
which is not shown is etched. 
[0120] 

20 Thereafter, a metal film (such as Al, Ti, Mo, or W) is formed over the entire 

surface of the second interlayer insulating film 152 and in each of the contact holes. 
A wiring and a pixel electrode are formed by patterning this metal film. Note that as 
a material of these electrode and pixel electrode, it is desirable that a film with superior 
reflectivity be used, such as a film whose main component is Ai or Ag or a 

25 stacked-layer film thereof. Thus, source wirings or drain wirings 153 to 158, a gate 
wiring 160, a connection wiring 159, and a pixel electrode 161 are formed. 
[0121] 

In the foregoing manner, a driving circuit 206 having n-channel TFTs 201 and 
203 and a p-channel TFT 202, and a pixel portion 207 having an n-channel TFT 204 
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and a holding capacitor 205 can be formed over one substrate in the same steps. 
Hereinafter, in this specification, such a substrate is called an active matrix substrate 
for convenience. 
[0122] 

5 In the driving circuit 206 in the thus formed active matrix substrate, the 

n-channel TFT 201 has a channel formation region 162, the conductive layer 124 
having the second shape which forms the gate electrode, the second impurity region 
180 located under a part of the conductive layer 124 having the second shape, and the 
two third impurity regions 137 serving as a source region or a drain region. The 

10 p-channel TFT 202 has a channel formation region 165, the conductive layer 125 
having the second shape which forms the gate electrode, the fourth impurity region 147 
located under a part of the conductive layer 125 having the second shape, and the fifth 
impurity region 146 serving as a source region or a drain region. The n-channel TFT 
203 has a channel formation region 168, the conductive layer 126 having the second 

15 shape which forms the gate electrode, the second impurity region 181 located under a 
part of the conductive layer 126 having the second shape, and the third impurity region 
139 serving as a source region or a drain region. By appropriately connecting such an 
n-channei TFT and a p-channel TFT with a wiring, a shift resister circuit, a buffer 
circuit, a level shifter circuit, a latch circuit, or the like can be formed. Here, the 

20 n-channel TFT 201 or 203 is preferably used for the buffer circuit which has a high 
driving voltage, for the purpose of preventing deterioration due to a hot carrier effect. 
[0123] 

In addition, in the pixel portion 207, the n-channel TFT 204 has a channel 
formation region 171, a conductive layer 127 having the second shape which forms the 
25 gate electrode, a first impurity region 133 formed outside the conductive layer 127 
having the second shape, and the third impurity region 140 serving as a source region 
or a drain region. In addition, the holding capacitor 205 is formed of an insulating 
film (which is the same film as the gate insulating film 107) serving as a dielectric 
body, an electrode formed of the conductive layer 128 having the second shape, and 
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the polysilicon layer 106. In the polysilicon layer 106, the fourth impurity region 150 
and the fifth impurity region 148 are formed. 

Here, in the n-channel TFT 204 in the pixel portion 207, since the superficial 
layer of the polysilicon layer 105 in which the impurity regions are formed is irradiated 
5 with the second laser light, characteristics of the pixel is improved. 
[0124] 

[Embodiment 2] 

In Embodiment 2, the gate electrode in the active matrix substrate has a 
two-layer structure while the gate electrode of the active matrix substrate in 

10 Embodiment 1 has a three-layer structure. Note that in this embodiment, the structure 
is the same as that in Embodiment 1 except for the structure of the gate electrode. A 
display device having such a structure is formed by the same steps as those in 
Embodiment 1, except for the step of forming a conductive film to serve as the gate 
electrode and a step of patterning this conductive film. Only these steps are described 

15 hereinafter. 
[0125] 

First, as a conductive film to serve as the gate electrode, a stacked-layer is 
formed with a first conductive film formed of a TaN film having a film thickness of 30 
nm and a second conductive film formed of a W film having a film thickness of 370 
20 nm. The TaN film is formed by sputtering a Ta target in an atmosphere containing 
nitrogen. In addition, a W film is formed by sputtering a W target. Note that an 
alloy film formed of W and Mo may be used instead of the W film. 
[0126] 

This film formed of the two-layer structure is patterned by etching by an ICP 
25 etching method after forming a mask formed of a resist thereover, similarly to the 
conductive film having the three-layer structure in Embodiment 1. At this time, by 
appropriately adjusting the etching condition (such as the amount of electrical power 
applied to a coil-shaped electrode, the amount of electrical power applied to an 
electrode on a substrate side, and a temperature of the electrode on the substrate side), 
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the film can be etched into a desired taper shape. Note that as a gas for etching, a 
chlorine based gas typified by Cl 2 , BC1 3 , SiCU, CC1 4 , and the like, a fluorine based gas 
typified by CF 4 , SF 6 , NF 3 , and the like, or 0 2 can be appropriately used. 
[0127] 

In specific, a first etching treatment and a second etching treatment are 
performed on the film formed of the two-layer structure, in a similar manner to 
Embodiment 1. 
[0128] 

In the first etching treatment, a first and a second etching are performed in a 
similar manner to Embodiment 1. In the first etching, CF 4 , Cl 2 , and 0 2 are used as a 
gas for etching. The flow rates are, for example, 25/25/10 (seem), respectively. 
Under such a condition, etching is performed by plasma which is generated by giving 
an RF (13.56 MHz) power of 500 W to a coil-shaped electrode at a pressure of 1 Pa. 
At this time, an RF (13.56 MHz) power of 150 W is also given to the substrate side (a 
sample stage), so that a substantial negative self-bias voltage is applied. In the first 
etching, an etching rate of W is, for example, 200.39 nm/min and an etching rate of 
TaN is, for example, 80.32 nm/min. hi addition, the selective ratio of W to TaN is, for 
example, approximately 2.5. The taper angle of W is made to be, for example, 
approximately 26° under this first etching condition. 
[0129] 

Subsequently, the etching condition is changed to perform the second etching. 
In the second etching, CF 4 and Cl 2 are used as a gas for etching. The flow rates are, 
for example, 30/30 (seem), respectively. Under such a condition, etching is 
performed for approximately 30 seconds by generating plasma by giving an RF (13.56 
MHz) power of 500 W to a coil-shaped electrode at a pressure of 1 Pa. At this time, 
an RF (13.56 MHz) power of 20 W is also given to the substrate side (a sample stage), 
so that a substantial negative self-bias voltage is applied. In the second etching in 
which CF 4 and Cl 2 are mixed, the W film and the TaN film are etched to the same level. 
In the foregoing second etching, an etching rate of W is, for example, 58.97 nm/min 
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and an etching rate of TaN is 66.43 nm/min. 
[0130] 

In the first etching treatment, edges of the first conductive layer and the 
second conductive layer can be formed into appropriate taper shapes by forming the 
5 shape of the mask which is formed of a resist into an appropriate shape, and by 
applying appropriate bias voltage to the substrate side. For example, with the 
foregoing condition, the angle of the tapered portion becomes 15 to 45°. 
{0131] 

Then, the second etching treatment is performed. Here, SF 6 , Cl 2 , and 0 2 are 
10 used as a gas for etching. The flow rates are, for example, 24/12/24 (seem), 
respectively. Under such a condition, etching is performed by using plasma for 25 
seconds, which is generated by giving an RF (13.56 MHz) power of 700 W to a 
coil-shaped electrode at a pressure of 1.3 Pa. At this time, an RF (13.56 MHz) power 
of 10 W is also given to the substrate side (a sample stage), so that a substantial 
15 negative self-bias voltage is applied. In the foregoing second etching treatment, an 
etching rate of W is, for example, 227.3 nm/min and an etching rate of TaN is, for 
example, 32.1 nm/min. The selective ratio of W to TaN is, for example, 7.1. In 
addition, an etching rate with respect to a silicon oxynitride film (SiON) serving as the 
gate insulating film is, for example, 33.7 nm/min and the selective ratio of W to silicon 
20 oxynitride is, for example, 6.83. With this second etching treatment, the taper angle 
of W is made to be, for example, approximately 70°. In such a manner, the gate 
electrode is formed. 
[0132] 

Hereinafter by performing the same steps as those of Embodiment 1, an active 
25 matrix substrate is formed. 
[0133] 

In the active matrix substrate formed by the foregoing steps, the gate electrode 
has high heat resistance although it has a high electric resistance value compared to 
Embodiment 1, since the gate electrode is formed of a stacked layer of the W film and 
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the TaN film. Therefore, it has an advantage in that the characteristic of the gate 
electrode is not easily influenced by treatment conditions in activation and 
hydrogenation. 
[0134] 
5 [Embodiment 3] 

This embodiment is a method of manufacturing a reflective active matrix 
liquid crystal display device from the active matrix substrate manufactured in 
Embodiment 1 or 2. 
[0135] 

10 First, an active matrix substrate which is, for example, the same as FIG 11 is 

obtained by the steps shown in Embodiment 1 or 2. Then, a columnar spacer for 
keeping a distance between substrates is formed at a desired position by forming an 
organic resin film such as an acrylic resin film over the active matrix substrate and by 
patterning this organic resin film. Note that spherical spacers may be scattered over 

15 the entire surface of the substrate in stead of the columnar spacer. Next, an alignment 
film is formed over the active matrix substrate and a rubbing treatment is performed. 
[0136] 

Subsequently, a counter substrate is prepared. In the counter substrate, in a 
portion facing a pixel TFT of the active matrix substrate, a color filter formed of a 

20 color layer and a light blocking layer are provided, and in a portion facing a driving 
circuit of the active matrix substrate, a light blocking layer is provided. Then, a 
planarizing film is formed over the prepared counter substrate, which covers both the 
color filter and the light blocking layer. Next, a counter electrode formed of a 
transparent conductive film is formed in a portion facing the pixel electrode and over 

25 the planarizing film. Then, an alignment film is formed over the entire surface of the 
counter substrate and a rubbing treatment is performed. 
[0137] 

Subsequently, after forming a sealant over the counter substrate, a liquid 
crystal is dropped over the counter substrate. Here, before dropping the liquid crystal, 
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a protective film may be formed over the sealant so that reaction of the sealant and the 
liquid crystal is prevented. After that, the active matrix substrate and the counter 
substrate are attached to each other with the sealant. A filler is contained in the 
sealant. The active matrix substrate and the counter substrate are attached to each 

5 other with a regular gap kept by this filler and the foregoing columnar spacer. Then, 
the space between the two substrates is completely sealed with a sealing agent. In 
such a manner, the liquid crystal is sealed between the active matrix substrate and the 
counter substrate. As a liquid crystal material, a known liquid crystal material may be 
used. 

10 [0138] 

Note that the liquid crystal may be sealed between the active matrix substrate 
and the counter substrate in the following manner. First, the active matrix substrate 
and the counter substrate are attached to each other with the sealant. After that, while 
exhausting air from the space between the two substrates, the liquid crystal material is 
15 injected into the space between the two substrates and the space between the two 
substrates is completely sealed with the sealing agent. 
[0139] 

With the foregoing steps the active matrix liquid crystal display device is 
completed. Also, if needed, the active matrix substrate, the counter substrate, or both 

20 of the substrates are cut into a desired shape. Further, a polarizing plate or the like is 
appropriately provided using a known technique. Then, a flexible printed circuit 
(Flexible Print Circuit: hereinafter referred to as FPC) is attached interposing an 
anisotropic conductive film using a known technique. A connection electrode (not 
shown) formed of ITO, for example, is formed in a portion to which the FPC is 

25 attached. This connection electrode is partially mounted to a contact hole formed in 
an interlayer insulating film and in a resin film and is connected to a wiring of the 
active matrix substrate through this mounted portion. 
[0140] 

A structure of the thus obtained liquid crystal module is described. A pixel 
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portion is located at the center of the active matrix substrate. A plurality of pixels is 
formed in the pixel portion. A source signal line driving circuit for driving a source 
signal line is located over the pixel portion. On the left and right side of the pixel 
portion, gate signal line driving circuits for driving a gate signal line are located. 

5 Although the gate signal line driving circuits are, for example, bilaterally 
symmetrically arranged with respect to the pixel portion, they may be arranged on one 
side only, or may be appropriately selected by the designer in accordance with a 
substrate size and the like in the liquid crystal module. However, the bilaterally 
symmetric arrangement is desirable taking into consideration operation reliably or 

10 driving efficiency of the circuit. Input of a signal to the driver circuits is performed 
by the FPC. 

Note that all driving circuits may be formed over the substrate. In addition, 

some ICs may be used in a part of the driving circuit. 

[0141] 
15 [Embodiment 4} 

In Embodiment 3, a manufacturing method of a reflective display device in 

which a pixel electrode is formed of a reflective metal material is shown. In this 

embodiment, a manufacturing method of a transmissive display device in which a pixel 

electrode is formed of a light-transmitting conductive film is shown. Steps through 
20 formation of the interlayer insulating film are the same as those in Embodiment 1; 

therefore, the same reference numeral is given and description thereof is omitted. 

[0142] 

As shown in a schematic cross-sectional view in FIG 12, after forming up to 
the interlayer insulating film 400 according to Embodiment 1, a contact hole is formed 
25 in the interlayer insulating film 400. Then, then, a plurality of connection electrodes 
402 is formed by forming a light-transmitting conductive film over the interlayer 
insulating film 400 and by patterning this conductive film. These connection 
electrodes 402 are connected to a drain region or a drain region of the pixel TFT, or a 
capacitor element 205. In addition, an electrode connected to a source region and a 
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drain region of another TFT is formed at the same time as the connection electrode. 
[0143] 

Subsequently, after forming an interlayer insulating film 409 over the 
connection electrode 402 and over the interlayer insulating film 400, a contact hole is 
formed in the insulating film 409. Then, a pixel electrode 401 is formed by forming a 
light-transmitting conductive film over the interlayer insulating film 409 and by 
patterning this conductive film. The pixel electrode 401 is connected to the 
connection electrode 402 through the contact hole. 
[0144] 

Note that as a light-transmitting conductive film, ITO (indium oxide-tin oxide 
alloy), an indium oxide-zinc oxide alloy (In 2 0 3 -ZnO), zinc oxide (ZnO), ITSO (indium 
tin oxide containing silicon oxide), GZO (Ga-doped ZnO), or the like may be used. 

In the foregoing manner, an active matrix substrate 410 is formed. 

[0145] 

Subsequently, a counter substrate 411 is prepared. In this counter substrate, a 
color filter 412 in which a color layer and a light blocking layer are arranged 
corresponding to pixels is provided. Note that in a portion corresponding to the 
driving circuit 206, a light blocking layer is provided. In addition, a planarizing film 
407 to cover the color filter 412 and the light blocking layer is provided. Also, over 
the planarizing film 407, a counter electrode 408 formed of a light-transmitting 
conductive film is formed in a portion corresponding to the pixel portion 207. Further, 
an alignment film 422 is formed over the entire surface including over the counter 
electrode 408 and a rubbing treatment is performed. 
[0146] 

Subsequently, a liquid crystal 420 is sealed between the active matrix 
substrate 410 and the counter substrate 411. This sealing method is the same as that 
in Embodiment 3 and is performed using a sealant 419 and a sealing agent (not shown). 
Then, a liquid crystal module is manufactured by providing a polarizing plate 403 and 
the like, and a back light 404 and a light-guide plate 405 are provided thereto and is 
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covered with a cover 406. In such a manner, an active matrix liquid crystal display 
device, like that which a cross-sectional view is shown in FIG 12 is completed. 
[0147] 

Note that the cover 406 and the liquid crystal module are attached to each 
5 other with an adhesive and an organic resin. In addition, when attaching the substrate 
1 and the counter substrate 411 to each other, they may be attached to each other by 
being surrounded with a frame and filling the space between the frame and the 
substrate with an organic resin. Also, since this embodiment is trarismissive, the 
polarizing plate 403 is attached to both the active matrix substrate and the counter 
10 substrate. 
[0148] 

[Embodiment 5] 

In this embodiment, there is a method for manufacturing a light-emitting 
display device provided with an electroluminescent element, using an active matrix 

15 substrate formed according to Embodiment 1 or 2. An electroluminescent element 
refers to, for example, an EL (Electro Luminescence) element and has a layer 
containing an organic compound (organic light-emitting material) which emits light 
when electric field is added (hereinafter, referred to as an organic light-emitting layer), 
an anode, and a cathode. For a light-emitting display device using an 

20 electroluminescent element, a TFT is an essential element for realizing an active matrix 
driving method. In other words, in a light-emitting display device using an 
electroluminescent element, at least a TFT serving as a switching element and a TFT 
for supplying current to the electroluminescent element are included in each pixel. In 
this light-emitting display device, luminance of a pixel does not depend on a circuit 

25 structure or a driving method of the pixel, but depends on an ON current (I on) of the 
TFT for supplying current to the electroluminescent element. Therefore, for example, 
in the case of entire-surface white display, variation of display on the screen is caused 
if ON currents of the pixels are not standardized. On the other hand, in this 
embodiment, since variation in an ON current of the TFT is small as described above, 
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variation of display on the screen hardly occurs. Note that the layer containing an 
organic compound (organic light-emitting material) may contain an inorganic material 
(such as silicon or silicon oxide). 

Hereinafter, the same structure as that in Embodiment 1 is denoted by the 
same reference numeral and description thereof is omitted. 
[0149] 

FIG 13A is a top view showing a display module, and FIG 13B shows a 
cross-sectional view taken along A-A> of FIG 13A. In the substrate 1, the pixel 
portion 207 is formed in the central portion and a source side driving circuit 206a and a 
gate side driving circuit 206b are formed in a driving circuit portion. The source side 
driving circuit 206a and the gate side driving circuit 206b have a structure almost the 
same as that of the driving circuit 206 in Embodiment 1 except for the structure of 
TFTs. In addition, although a sealing substrate la is located over the substrate 1, the 
space between the substrate 1 and the sealing substrate la is sealed with a sealant 518. 
[0150] 

Over the substrate 1, a wiring 508 is located in a portion which does not 
overlap with the sealing substrate la. The wiring 508 is a wiring for receiving a 
video signal and a clock signal from an FPC 509 serving as an external input terminal 
and for transmitting these signals to the source side driving circuit 206a and the gate 
side driving circuit 206b. Note that although only the FPC is shown here, this FPC 
may be provided with a printed wiring board (PWB) attached thereto 
light-emitting device in this specification includes not only a main body of a 
light-emitting device but also a state where an FPC or a PWB attached thereto. 
[0151] 

Next, a cross-sectional structure is described with reference to FIG 13B. An 
insulating film 510 is formed over the substrate 1 and the pixel portion 207 and the 
gate side driving circuit 206b are formed over the insulating film 510. In the pixel 
portion 207, a current-control TFT 511, a plurality of pixels each including a first 
electrode 512 electrically connected to the current-control TFT 511, and a switching 
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TFT 513 are formed. In addition, the gate side driving circuit 206b is formed using a 
CMOS circuit in which an n-channel TFT 523 and a p-channel TFT 524 are combined. 

These TFTs (including 511, 513, 523, and 524) are inversely staggered type 
TFTs which are manufactured according to the foregoing Embodiment Mode 4. 
5 [0152] 

The first electrode 512 serves as an anode of the electroluminescent element 
(EL element). For the first electrode 512, a material which is transparent or 
semitransparent to visible light and having a high work function (such as a single-layer 
film of 1TO, indium zinc oxide, titanium nitride, chromium, tungsten, zirconium, 
10 platinum, or the like; a stacked-Iayer film of films whose main components are 
titanium nitride and aluminium; or a three-layer film of this stacked-layer film and a 
titanium nitride film) is preferably used. Note that if a stacked-layer structure is 
employed, a wiring resistance is lowered and a favorable ohmic contact can be 
obtained. 

15 In addition, an electroluminescent layer (such as an EL layer) 516 and a 

second electrode 517 are formed over the first electrode 512. 
[0153] 

The electroluminescent layer 516 is formed of a light-emitting layer, a charge 
transporting layer, or a charge injecting layer, and they are arbitrarily combined. For 

20 example, as a light-emitting layer, a low molecular organic EL material or a high 
molecular organic EL material is preferably used. Alternatively, a thin film formed of 
a light-emitting material which emits light (fluorescence) by singlet excitation (a 
singlet compound) or a thin film formed of a light-emitting material which emits light 
(phosphorescence) by triplet excitation (a triplet compound) can be used. In addition, 

25 as the charge transporting layer or the charge injecting layer, an inorganic material such 
as silicon carbide can be used. Alternatively, a known material can be used in 
addition to the foregoing. Note that the electroluminescent layer 516 is formed by a 
vapor depostion method using a vapor depostion mask or a droplet discharging method 
(an ink jet method). 
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[0154] 

The second electrode 517 serves as a cathode of the electroluminescent 
element and also serves as a wiring common to all pixels and is electrically connected 
to the FPC 509 through the wiring 508. All elements included in the pixel portion 
207 are covered with the electroluminescent layer 516 and the second electrode 517. 
However, an insulating layer 514 is provided between the electroluminescent layer 516 
and all pixels except for the first electrode 512. For the second electrode 517, a 
material having a low work function (such as Al, Ag, Li, Ca, or alloy thereof such as 
MgAg, Mgln, AlLi, or CaF 2 ; or CaN) may be used. 

In addition, the space between the substrate 1 and the sealing substrate la is 
filled with a filling material 507. As the filling material 507, for example, an inert 
gas such as Ar, a sealant, or a drying agent can be used. 
[0155] 

With the foregoing structure, a light-emitting display device that emits light to 
the substrate 1 side can be obtained. Then, the light-emitting element can be 
completely shielded from the outside by sealing the light-emitting element with the 
sealant 518 and the protective film. In such a manner, intrusion of a substance such 
as moisture, oxygen, or the like which promotes deterioration of the electroluminescent 
layer by oxidation can be prevented. Therefore, a light-emitting device with high 
reliability can be obtained. 
[0156] 

Note that as a first modification of Embodiment 5, a structure in which light is 
emitted to the reverse direction of FIG 13, that is, to the sealing substrate la side may 
be employed. In this case, the first electrode 512 serves as a cathode of the 
light-emitting element and the second electrode 517 serves as an anode, in addition, 
the second electrode 517 has a structure in which a transparent material (such as ITO, 
In 2 0 3 -ZnO, or ZnO) is stacked, for example, over a thin metal film. 
[0157] 

In addition, as a second modification of Embodiment 5, both of the first 
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electrode 512 and the second electrode 517 may be formed of a light-transmissive 
material. In this case, a light-emitting display device emits light from both the 
substrate 1 side and the sealing substrate la side. 
[0158] 

5 [Embodiment 6] 

A driving circuit and a pixel portion formed by carrying out the present 
invention can be used for various display modules (an active matrix liquid crystal 
module or an active matrix electroluminescent module) as shown in Embodiments 3 to 
5. In this embodiment, electronic appliances in which these display modules are 

10 embedded are shown. 
[0159] 

Here, as an electronic appliance, a video camera, a digital camera, a head 
mount display (a goggle type display), a car navigation system, a projector, a car stereo, 
a personal computer, a mobile information terminal (such as a mobile computer, a 
15 mobile phone, or an electronic book) or the like can be given. One example thereof is 
shown in FIGS. 14Ato 15C. 
[0160] 

FIG 14A shows a personal computer which includes a main body 2001, an 
image input portion 2002, a display portion 2003, a keyboard 2004, and the like. In 
20 this display portion 2003, the display module manufactured by the method shown in 
Embodiments 3 to 5 is used. 
[0161] 

FIG 14B shows a video camera which includes a main body 2101, a display 
portion 2102, an audio input portion 2103, an operation switch 2104, a battery 2105, an 
25 image receiving portion 2106, and the like. In this display portion 2102, the display 
module manufactured by the method shown in Embodiments 3 to 5 is used. 
[0162] 

FIG 14C shows a mobile computer (mobile computer) which includes a main 
body 2201, a camera portion 2202, an image receiving portion 2203, an operation 
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switch 2204, a display portion 2205, and the like. In this display portion 2205, the 
display module manufactured by the method shown in Embodiments 3 to 5 is used. 
[0163] 

FIG 14D shows a goggle type display which includes a main body 2301, a 
5 display portion 2302, an arm portion 2303, and the like. In this display portion 2302, 
the display module manufactured by the method shown in Embodiments 3 to 5 is used. 
[0164] 

FIG 14E shows a player using a recording medium in which a program is 
recorded (hereinafter, called recording medium), which includes a main body 2401, a 

10 display portion 2402, a speaker portion 2403, a recording medium 2404, an operation 
switch 2405, and the like. Note that this player uses a DVD (Digital Versatile Disc), 
CD, or the like as a recording medium and makes it possible to listen to the music, 
watch the movie, play a game, and have access to the Internet. In this display portion 
2402, the display module manufactured by the method shown in Embodiments 3 to 5 is 

15 used. 
[0165] 

FIG 14F shows a digital camera which includes a main body 2501, a display 
portion 2502, an eye piece portion 2503, an operation switch 2504, an image receiving 
portion (not shown), and the like. In this display portion 2502, the display module 
20 manufactured by the method shown in Embodiments 3 to 5 is used. 
[0166] 

FIG 15A shows a mobile phone which includes a main body 2901, an audio 
outputting portion 2902, an audio inputting portion 2903, a display portion 2904, an 
operation switch 2905, an antenna 2906, an image inputting portion (a CCD, an image 
25 sensor, or the like) 2907, and the like. In this display portion 2904, the display 
module manufactured by the method shown in Embodiments 3 to 5 is used. 
[0167] 

FIG 15B shows a portable book (electronic book) which includes a main body 
3001, display portions 3002 and 3003, a recording medium 3004, an operation switch 
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3005, an antenna 3006, and the like. In these display portions 3002 and 3003, the 
display module manufactured by the method shown in Embodiments 3 to 5 is used. 
(0168] 

FIG 15C shows a display which includes a main body 3101, a support base 
5 3102, a display portion 3103, and the like. In this display portion 3103 the display 
module manufactured by the method shown in Embodiments 3 to 5 is used. Note that 
the display shown in FIG 14C is a small or medium sized or a large sized display, for 
example, which has a 5 to 20 inch screen size. In addition, in order to form a display 
portion with such a size, mass-production by multiple patterning using a substrate with 
10 one meter on a side is preferable, 
[0169] 

As described above, an application range of the present invention is so wide 
that the present invention can be applied to electronic appliances in various fields. 
[0170] 

15 Note that the present invention is not limited to the foregoing embodiment 

modes, and can be carried out with various modifications without departing from the 
scope of the present invention. 
[Brief Description of Drawings] 
[0171] 

20 [FIGS. 1A to IE] Drawings showing a manufacturing method of the semiconductor 

device according to Embodiment Mode 1 of the present invention. 

[FIGS. 2Ato 2E] Drawings showing steps following FIGS. lAto IE. 

[FIGS. 3A to 3E] SEM photographs of the surface of the crystallized semiconductor 

film which is manufactured according to Embodiment Mode 1. 
25 [FIGS. 4A to 4D] Drawings showing a manufacturing method of the semiconductor 

device according to Embodiment Mode 2. 

[FIG 5] A graph showing a relation between the number of pinholes and the energy 
density of the second laser light. 

[FIG 6A to 61] SEM photographs of a surface of the crystalline silicon film 
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manufactured in Experiment. 

[FIGS. 7A to 7C] Drawings showing a manufacturing method of the semiconductor 
device according to Embodiment Mode 3. 

[FIGS. 8A to 8E] Drawings showing a manufacturing method of the semiconductor 
5 device according to Embodiment Mode 4. 

[FIGS. 9A to 9C] Drawings showing a manufacturing method of the active matrix 
substrate according to Embodiment 1. 

[FIGS. lOAto 10C] Drawings showing steps following FIGS. 9Ato 9C. 
[FIG 11] A drawing showing step following FIGS. 10A to IOC. 
10 [FIG 12] A schematic cross-sectional view showing the active matrix liquid crystal 
display device according to Embodiment 4. 

[FIGS. 13A and 13B] A shows a schematic plan view of the light-emitting display 
device according to Embodiment 5 and B shows a cross-sectional view taken along 
A-A' in A. 

15 [FIGS. 14A to 14F] Schematic drawings of electronic appliances according to 
Embodiment 6 which use the display devices manufactured according to the present 
invention. 

[FIGS. 15A to 15C] Schematic drawings of electronic appliances according to 
Embodiment 6 which use the display devices manufactured according to the present 
20 invention. 

[FIGS. 16A to 16C] Drawings showing the first reason of formation of pinholes in a 
crystallized semiconductor film. 

[FIGS. 17A to 17D] Drawings showing the second reason of formation of pinholes in 
crystallized semiconductor film. 
25 [Explanation of Reference] 
[0172] 

1... substrate, 2.. .base insulating film, 3.. .amorphous semiconductor film, 4.. .a 
metal-containing layer, 5a... crystallized semiconductor film, 6... barrier layer, 
7...gettering layer, 8.. .pinhole, 10... crystalline semiconductor layer, 12.. .gate 
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insulating film, 13. ..gate electrode, 14.. .source region, 15. ..drain region, 
16.,.interlayer insulating film, 17.. .gate electrode, 18. ..drain electrode 

continued from the front page 
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t St * ^ <6 S IS * <fc <o S * ft Jf Jifl $ * £ H H > ft 5 0 * » «6 \z. , ffi » IS <r> 14 # * 

»s#«ii:ix.t«sxs»^©cvDit*fflv>5: t a* a * t ^ „ 

[ 0 0 2 5 ] 

ft ^ t* , * & ft * * * K 3 ft & ft * * 5 . ;;-ei±Sf#" s .m" 1 ' - ! -i *■ + i 
ft ffl 0 PI & ft Eft © ±£ « (± , # £ Iff -> y = > 01 (7^^7 7 ^ i' J ^ y IS i 1 if ft 
5) l:MLT?n : l£S:*«t5tIj£*^Itfii:W0L- jp&*iSft?T 5:iti *P M 

« ft m £ t =^ > m ft & n ft $ * s t> » *> 5 . *fl tt^T^iao-efcs. 

[ 0 0 2 6 ] 

Jf, 8 1 (B) l:Sti9«lt ' 4 * f ai . _ - f = 1 ' h ' ^ 
M ^ # JI 4 f* , * ¥ ft M O £ £ ft ft f£ it + 5 * SE ffl ft * + S & ft * « { #!! £ f'±* F e , N 
i , Co, R u , R h , P d . O s , I r , P t , C i \ < t J - '4 ? ,'t K f'y 

«) ItfLTV^. iljcl^N iTfc5l^> & M is * 4 He , W A. fi = y 7" ^ & * 
Wit i ~ i o o P p B £trgtft = ^^Sgl^tt-fittKitiiif 

ft5„ ftfc^MH*/! 4 © tft # ifc , MS, * fc (4 7- 7 X 

m m i- ,t t) ti m ft ft -r 5 * & *> * „ * , r - t- i± , £ a t m a? f 5 m * * l 

ft ¥ » ^ 3 ft J5£ i" 5 m , I" ft *> * * St # * ft fll 3 cd T ® fife * ti T t ± ^ . 
[ 0 0 2 7 ] 

ft^tai ( c ) cstisc, mm 1 , r * « « « 2 , # a « ¥ * ft int 3 r v a a 
^ r« 4 ft m m *a s -f 5 . -r 5 t * » ft * s » t ^ » ft t <^ # a v m &ft s ft , z <n a- 

-^-s^^^k (£iT , i±f B ft^^ftmtfe«) 5.*i»«s*i5. ft*, fe-^ft-f-^ftfi 

K 7J< * ft W tz S ( 4 5 0 °C . 1 Bf W ) Oft, tt*{k©fcft«)»«ia { 5 5 0 °C ~ 

e 5 o °c -v 4 ~ 2 4 m m ) ft =fT 1 o 

K5v7\ «/yr--^y7, ^^7^7>7, irft^n?//, 

~60#jft*r**, * ft ft 1 @ ~ 1 0 13 , m * L < (4 2 ~ 6 « '0 & T . v >' * fl7 ^ « 

i -1-5*5, **«:lKdSi»MWi= e oo~ioo otili;fe«J 

ti5 J: ft*5, £>ST*feft«, ^*ftP*t1-5Wlc#*S»3gSr*Ti-5^f B «* 

*#K3(c**-r5**S:*HlS*5!ft«iaSrfToTfcJ:VN. iP B Vk ® t ® it <D M 

*t © M 15 ft ft 5 Z t (c i 9 S Kt^flotUl\ 
[ 0 0 2 9 ] 

^ Lfct>Kft&#^J*3*L5#, - »^ftli(4ft WXSftft 5 BJJr* " J 

$ n s co & m a L 

[ 0 0 3 0 ] 

S^fll (D) tSt^i;, rlil-J 11 - ' - 1 1 

^ H B B ft ^ » ffl ^ ) ft B ft , ^ ft S ir 35 £ ft 5 Pfi ft « € T 6 tz tt> ic , ft £ ft ^ « * « 5 
a! :itLT^l co u-if-*3:^^ifcf4Be^#ffl»T?fla»-*-5. * » 1 » u - -f - * 
^iMLfcS#, @ i ( D ) ©Stliift^i', g B B B ft¥S#!4 5 a o«i.:Eflfl 
*t«m£ftS, U-CdbSB«>^«B«B I' tt^«*s«lfc t, ( x. <4* N i 

Si) 5b«^Jtl5 a ft*3B^ UTV^ftv^^^ft^^ftK 5 a ©*Jiiig£ft * ft5» 
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[ 0 0 3 1 1 

SUWV-f-Jti Lt!l, A/Millifcl±ll«iltife5fif 4 0 0 nni^X T © 
i3rv/vl/-f-, YAG l^-f-, Y V O 4 V — If — , YLFW-f-, Y A 1 O 3 U- - 
^ _ ^ # ^ u _ ^ „ ^ , u t - _ u — f-' - % r is *-f- > Y y 4 Ki/-f-> f" ^ 7 4 T I- ~ 

^ f 81 V\ '<■- IX L, & BI UttHiii^o ft fi ft * # l"± «If « ! lSlRt5 f> 
<0 -C /< ^ 7s « Jg m <o * -> ^ w - f 2 - & m V- % 4ft « . 09 if y< * * » « H J£ S 

3 0 H z £ L , U - If - =. * ,U - « S £ 1 0 0 - 5 0 0 mj/cm 2 fc + 5 „ * fc , /> A' 7 « 
lifflYAGU-f"^YVO^-f-^)i^51^£S, * % 2 * if St £ 7t ft 3 

6 oo»j/c» 2 tt5tfit\ *ntemm\c*ittz>\'-v-x-*^*-®&te3 9 0 ffl J /caZ 

T- *> 5 . * L X m 1 0 0 ~ 1 0 0 0 u m , 4 0 O p mffif HI* Lt ^"f ~* 

^SfiiIi:«oTSItt5„ i^-f-iwlHb** (*-/<-7 y 7**0 

8 0 - 9 8 % K 1" 5 iD £S 0 4 Ll\ 
[ 0 0 3 2 ] 

SfciSttSSMOf-lf- {«;tffii**«Sl©YV04^--!f-) & ffl ^ 5 * ^ « ffi 

=H= $ ^ ft ^ « - 7 - * a ft T , « I$«r»!iit«itfc5 s * L T , »n<li*¥I" 

£ „ ;oi|Ox^/^-««ttO, 001~100MW/cm ! g,S (»U<!iO. 
1-10 MW/ c m 2 ) «Stfc5, Ut, 0 . 5 - 2 0 0 0 c m/ s iS^iSiSt 

u _ ^ _ ft n t T ^ # ft i- ^ « * in & » n $ * x m ¥, t n tf «t ^ . 
ft m * i$ £ -t . 

[ 0 0 3 4 ] 

if@i ( E ) fc^i-i 5 fc, t^tS«i ( ft affcKti* -efiffi^^* 

* if 4 K t « ft 5 ) t:r^t5 5 ;ti!:i?^;4l-10nm®lft 111 t> ft Z '< V 7 
Kxyf y^/^ L T 1 it f 5 = 

7J< » J« -e^S L -C t 1SJ « !C ,< y T JB 6 ( 7- 5 * ^ * * f- -f K ) 4rHSt5:H5T?l5. 
SfifitTt^^IlrltiUt^/ySr^i^t, '^^'^ 9 If H ft ^ « 

# HI 5 a <0*®£BMb-f-'5 - tti 'J^P716 
[ 0 0 3 6 ] 

4 fc 7 7 X -r C V D ft ISI t!f t 1 - 1 0 n m H « » » ft II ^ y 

BS It IC «t <3 m § ft ■ m ft M * ^ ft * L fc « T* ^i* "T 5 ^ t tfi S 4 t V> „ 
[ 0 0 3 7] 

/U'7|6©gi!;77X>CVDftf«l-5«#, JS # ^ X t L T tt V 7 ^ * # 7 ( 

^y->7^, ^>77 M->7>$) t^»Itftttm7ix (NO x -C*rd$tLS^'x) 
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ft ffl ^ 5 c W x tt\ ( S i H 4 ) iilltli ( N z O ) , « ^ 

t±TEOS#*iN 2 0, JliBTEOS^^iNjOiOjtffiV 1 , 1 0 n m Sk T , ff 4 
L<tt5nm£lT»»{t£{fc->y=l'«£®!*-t-S. - © K ft £ ft > W a ^ R « , ft '/ > 
ft ft ft m w (ft«WCI±*5/^*) Tftf b ft 3 fi ft H (^^^^^ K t n¥ ft 5 ) 
^ 4 ^ n # H M T o * ^ II fig & -e ft o ft z> m ft II t ft «e t r , n & it*m& m 5 & t<o 
m m it * m < . ion >?m<om&) te-y v^^f4it<v\ ft 7 x 

vCVDSiffl^Si^li, gftt&S<t5fc*t- ^U7S»*|* Su £ r =r ^ 7° 7 

[ 0 0 3 8 ] 

Sfc, f0^y7l6»l6WjitLTtt, ^ y - V - ft >" ft #H V 2 0 0 -350 
ft S « K BP m L T » ^ £ ft K ft M fife -T 5 * ft t *> S . '^716 fl . ± IE ft & CO ft ft * 
- © * ft , Sfc(it*i.e.«)*feSril&*-&t3*T3^riESttfc 1 b»-eife*v tt" # I- RfcSftfcV* 
# , $ <D ft 7 ft y > ft 'X jMi fa ft ¥ * ft 8t 5 a * <D ft S ft « ( « x ff = y ft ^ ) ft f v 9 V 
yftftf {cfftijWftftRR* fcllHSJIftirftS r. t # & ® T* fc 3 . ft & ft ft SI J? «e ffl » Itft S 
fc-^aySfWif, ^isSKfi^yrJiftiliiLTftyftyxftf-'i' M:Mt5: 
t # -C * 5 . 

[ 0 0 3 9] 

( A ) ft * ft J; 5 C /<!)7i6±irff^*lr^tf^^^^i7«:^ 
^5^/fftHt«t5 a ::t?B, * ft y y' ft £ *t # # * ^ * ft Itr tf 

ft ft w ft ft * ft y y ft m i t u»it5 s ft *s su $ l t # & h ft $ ft w 3 c i* * # * 
76*^**0 $ k-*^ ft y vft&^ftSSiMfts ^> t^/ft ft y ft 

^/l 7 *® «t 5 ^ t lit ^ ^ %l ^S^ ^ § i 9 1: ^ft H > ^ *tt & 

Pffi ft 5 „ # H * % m t L X f*~- y ft A (He) , * * > ( N e ) , T * =* > ( A r ) , 

(K r ) V (X e ) 61 tf tlfc-tti t tt*«t Sr ffl ^ 5 . ^'fc 

gHlft# *-C£>3T^> (A r ) MIU\ rrT?(i*^^7E***tf#il*-C->"J 

3 ^>Mi^-^ft^^'^^^> y y Hy^'«7HJSt5 a ft y ft y v 

^ B 7fl=5Fffirtft#-e*>5**^7C*-f^vS:^*S*5*!*tt-^*'S D - o ii ^ y 
^ y yy#ft HftJF^ft ft y ^ py^i 7 J«t5 ; f-l»H:l^^^ : 

H5 |; f i 7/ ^> ( A r ) , * y ft h > ( K r ) , # ir 7 V ( X e ) if ¥ J* * « 

g£ i- 5 7L * ( « x. v- y = v ) =t 5 m ft ^- a © ft # & s * * ffl s © a* » * u ^ „ 4 t , 

Sr^=&**5 t> ifli!t^©^T-i< . 4- ^; ft ft T f > ft -u 
5 h 5 fc ft , ft # II O ff v ^ y >- >/ ^ ^ li $ h t- 16] .h ft 2> 
[ 0 0 4 0] 

ft ja - # * S « Tft€ * Tz m X h 5 y y S: « tt $ - ft y h * % ^ ^ $ ' tJ v ? m 7 * ™ 
m L fc m ft , t^rft!ft5^ft^ ^ ii /JP x. x yy©^-o^** *fl ffl L T ft y ^ 
U >• ft ft ft Kt^TftS. 

Sf . y y $ y >- ^ © ^ , # jk j£ * ( m x ft -s/^/i-) itmmmB * m®ic®m u 

^-TiMIliG^fcSfc*, ftyH yftl 7 ffU^i*£a::. ft i. « ¥- W !I 3 ('ft 

* ft 5 it ^ ft m a v k ^ it k , m x. ff 5 io ,, /cm ! aittKHiiJU\ 

[0 0 4 1] 

(b) cstistesft^i^Rsa, /^7i6tu^>ft^i 
7t iii ( ft jm it *a a * t± & * * ffi Mft s * a ) ^ ft t ft m ft ^ ( m x « - -y 

* ) n *f y 9 y > ft ft ft v> , A ft ft * M 5 a * ir fcltS^SftStft ft « S ft U 9 
XBiitft t^j9tSPiifc!i'SI*S»t5-ft ; i^ m 2 (B) ^^^^^ 

ft |p] ( BP *j . S rlftk ft ¥ ft ffi 5 a t, ^ y T Jf 6 ft i§ ii L T ft' y ft 'J > ft i^t IrI ft 
161 ) i' # M ft » # » b , »Ht***S5 a C^iii5&l7c*^l*S^< i ft 

is#oig#fi«tft ^*7c**sy ^ ft y y^^5fc*cift ft ft < t 

91 « v 5 a ©I?$#*<DE«II5 £&*5£*##»-t-;Ktf i^fc*, it«ttfeWW-eft f ft 
ft^^^«t5ftiit-H a ::tti, £ ft ft Ml ft K 5 a \c & m ic m It B t A/ if « 
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m t ft n ± 5 1- , SP h M 4» <*> ~ y * ^» ft ^ 3 1 l o'Vcm 3 HT, MHdii l 
0"/cm 3 aTiC/i6i 5 ^ , -H # y y * V > # -T 5 . 
[ 0 0 4 2 ] 

*i^if cjsv^tyy ? y y^ta. « ^ y ^ y M c-tsg £> ft - * ft R ~ 
a ) (rfes^gj£3gjssis&^*^=¥-tJ;oftas^, y ^ if -< v 

fttSrtSrltUTV^S. o T . yy^y^ttA&ffliBffl-lfcifL, J; u « -c & 5 

l»t5:L HP *> £ si CD * # £ fr 9 £ t & X # 5 . 
[ 0 0 4 3 ] 

»tl-60», ffSUl±3fl-6 0»^ltrH, ^ ft £ 1 ~ 1 0 jaK ff * L < (4 2 ~ 
6 61S M-t, 7 y7-3fc«»38*»«t±tt** + «S |HJ « IC l± 6 0 0 - 1 0 0 

0 °C , » 4 L < (i 7 0 0 - 7 5 0 @ ft I- ¥ * ft K 2 s *P ffi * ft 5 £ 5 t' i~ 5 „ 
[ 0 0 4 4 ] 

? y y y o » & a & an ana s s*#ffl*.4» t 4 5 0 ~ 8 0 0 
■C , 1 ~ 2 4 $ in , «i(f 5 5 0 ti:ti4ePllo»&a*fiitfJ;^. * fc . - ^ * & 
a !- m x m % % m *r l t t ± ^ . 

[ 0 0 4 5 ] 

|C|»*i-5. COi ^iSJIfk^ftliS a <0>J*tfN i 

Si) 5 b ^ J* £ T £C ^ t> ^ -7 ^ y £ t" y * - ^ 8 M * ft 3 0 - © « 
A t± , 11 6 *3 J: tf 0 1 7?r«Ui«Lfcifc!)tfc5. 
[ 0 0 4 6 ] 

4 43 f y 9 y y^l7©^5rIR«!^^>^*t5*?^ L T ii , C 1 FjCiS? 
p n 7j- -t)- V ( ft * S ( C H , ) 4 N O H ) fc*tr**«Efti?7/i'#y*«l-J:5* ;t 

y h rc. y f V # & h 6 . 

[ 0 0 4 7 ] 

jt^a2 ( d ) n^-r i 5 tc»{tBt*»e>te5^ y 7* 6 «itf?5'i*4t' :c !' 

^ y H:i U ffi * +" 5 c 
[0048] 

^f|2 (E) i^tnt- ifcfc{fc¥*#*5 a fctfLTSB 2 » 

#h**, s * if is ft * fc «: m % x m » -r 6 . i2«k-f-*^^^^-«Stt^ 0 

1 (D) |.:*tlifffl^tf l^-f"*"e<t^ ffl«U'~-y i -3tt^2© 
U.-^_3tOai^/U^-«SaEH:Witf3 0 m j / c m 2 U ± 8 0 m J/ci'tlTfti 

H * 5 B Z (O U — if — 3te (i2«U-f-*) fi « ft 4 0 0 nn^ T O = * %, t v - ? - 
% , YAGI/-f-«l2filfe, ^ 3 « HI m It m 5 . it. i*->-7i/-f-*C 

g§ 2 co u- - if - % * & i, \t -t- * ft K 5 a ei»t5:iti^ H fk ^ * *S5 a « 

S S t- *3 T , tf * - /l' 8 CO 3 IS ^ f> f > * - ^ 8 I- * * ft 3£ « * s » »J . ^y^-sU 

8 ^ ffi t> h n « . 

[ 0 0 4 9 ) 

13©#?l!iggftf#*l5aO*I^*U:SEM?X (fe^SOOOW) 

H 3 (A) f±« 2 w u-if-^trfiSW + ^Hif^teft^^*** 5 a Sffi^ s 2 EM?Xt 

5 , S3 ( B ) - ( E ) * *L ^ ft tt ^ ^ ^ ^ - « ft ^ 3 6 9 . 5 rn J / c m 2 , 3 5 1 
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. 7mJ/cm 2 , 328. 3 m J / c m 2 , 309. 0 m J / c m ! »| 2 (0 I'-f -* 
£ ,BS #t LfciOgIft^ift;l5 a SI« S EMf lT'fe5 a Sfctlt, ^ tL ^ fl <£> & 
W X°m M L fc It co £ fitti'UayltSifiCSStSt^*-^©*!!! ® II fc fc t> » ft £ ^ 
t„ t" y * - %t it , sEM^lv^T-ijffittitiSfy*-^^!^^'^^^ 
« £ L fc „ ft *3 - - t? CO ifi {fc B a ft , _h IB L ft ft * (- *3v>-C-pffi-C*^5ti-5 tB « ( f»J 
X. tf 3 0 2 1 n m 2 ) tfcSc *til(9'/-f-3tiOi^l' J r-l«tt3 8 9 mJ/c 
m 2 -e *> 5 . 

[ 0 0 5 0 ] 

[SI] 



l*;L^f— SfiE(mJ/cm 






2) 


(fi/ii m2) 






1.7E-03 


5 


369.5 


3.3E-04 


1 


351.7 


0 


0 


328.3 


0 


0 


309 


0 


0 



[ 0 0 5 1 ] 

13 ( A ) co X (c>tM~ ± 5 !- , !B 2 co u - if - 3t % 88 M L ft ^ , ft * tfc -> y = > 

SI 5 a C0M(Ci±M» tf Ufc. 1 (C >P i" ± 5 l~ ¥ fit ffi » & ft 

B 5 f@ {tfy*-*««til. 7 E-31B/ m m 2 ) -Cfcot. iJlCSU SI 3 (B) ~ 
( E ) co # ¥ IE !c J; 5 > »2<DU--r3t^fi8»^^tt''^*-^^^^ / >*< * ° 
ft 0 * ft $ 1 in * i- J: 0 K 2 CO u - if 3t © ^ * A- =¥ - m S. & 3 6 9 . 5 m J / c m 2 to 
tfy*-^©«tt*ffilt*t f 1 « < tfy*-^*«f± 3 . 3E-4fi/„m 2 ) 

1 . 7 m J / c m 2 £1 T l: 4 5 i , t= V * wW3 !i t ^ # £ L ft < ft o ft . 
[ 0 0 5 2] 

[S 3 K fp t fc # ? X & V * l frb m h a» ft ± 5 ^ , i2©i/-f-)fe4rfiSMt5:i i- 
J; 5 II A it ¥ m fls lit 5 a co * ® a* e> if > * -;v«it5:M^t5, f > * - a- a* ft 

< ft s y- y * h n w ft t * * ^. w * tf *t a <t * # ** 5 a ji mi- 5 m <n%*\>-v 

(«ilfTFToy-F**l) i»±<«5. :nti!l, fif B jk^«ftl5 at'TFT 

®y-*fttf k n- >-£^uft«^ h • y ~^M^>ft < ft s. **y- Mft 
fc < ft 5, :oi5i:TFTOft«tttfiiS45:iist#5. 

[ 0 0 5 3] 

- fc % y^yy^i7lr ffiJ J* "I' 5 m iz W £k it ^lf«5 a !' # # * ?c * # ^ MZtlX 

[ 0 0 5 4 ] 

( t; I r > i £ ^ L= - 

t is] - co « ,bt o -r i± fsj - co £• # l , i % m * € s§ s = 

Jfl4 (A) |:*t±5i:, «Slo±CT)t»l»l2lrf)SU 
ou m + _ " ^ ^ - _ * - " 4 ^ 4 " ' H f 

*T) SrJgfife L, APfftfea-T 5 ' ii.:±5 # ■§ ft ¥ $ fc« & *S S ft LTfiSft^ifri 5 
a J|«t5. ift6»lSH!Bi»**»S©Hl (A) -Hi (C) i^tfciSi 
K PI - T* fc 5 , 

[ 0 0 5 5] 
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rrT*$iM«»3M s -£*ft£#B»* (09 xtf X- ft ft ft -5 fc & . *S A -ft * W 

* SI 5 a ff> !i ItalftIS c # & ric 5 ft 5 „ 

:»t»H4 ( B ) |i*ti5C fli(i7 ^S&f ffi 7f t> h Srfflv^T^ y 
^ £ ft 5 r t K ± *? , R{kHt5cSrSS5*i-5j6J>S*s*»5. :oi I SSft^i^iB a © 

* ffi ii t° > * - /i- a* ff? ^ $ ft 5 if -a- * s fe 5 . 

[ 0 0 5 6 ] 

& ^ -C* ^ £ ft ^ « M 5 a OiffiicSl «^"f-)t*-iWLtf g ft ^- ##15 a (75 

*§ aft*srisjji$*fca, 1 2©u-f-*sr « m ft ti»f 5 a tc m it -t- $ - t \c x <o 

, fc° >' * - L 1 ^ ! = - 1 * - - ~ _ 1 J ' "II I f 

l©**B«{c:3bMt5»2©W'-1f-3fcWSgit*#i«W--Cfc5 0 fc' L $ 2 OO U - if 10 

- % <d * * a * - m m «t $ 1 co n a? 1? m t m fc o r ^ t t * ^ 0 

[ 0 0 5 7 1 

( c ) i 5 P r i 6 sa*y '7 ? V > ^1 7 l, an * & 

& r fc 5 ' t ir J: 9 £ ft ft ¥ * ft HE 5 a fc-&*ii,3&*3E*©*'s'* !> ^ ^ £ ft 5 . ' ft 

^»^a«p^!i, m i <omMmmK^^xm i (e) -02 (b) t^Lfc&atiepi 

- -c *> -5 „ fc fc- jp f$ $Q,gnw j; y >- if 1 7 © SB (- (± St -ft ffi 7 a a* $ $ 5 . 

[0 0 5 8] 

S^tl 4 ( D ) ir^i-i 5 cKfti 7 a , y 7 H^17»t^!)r|6it Sfc * 
to, *v*-e 5 a {r£ 3 co u-*-* l 2 © v 

- ? - ft ffi tBWtsrtKJ;?, US ft ft * * » Si 5 a (c m tit * ft fc tf v * - a- £ 20 

- t? h 5 „ 

[ 0 0 5 9 ] 

- w $ 2 £ft m ffi (- «t ft ■(* > « 1 » % « ^ ^ ~ ^ 5» * £ » 5 £ i * s # 5 o S fc 
£ £ ft ¥ W * IK 5 a i^lftl5 c Iriit5i(ct'y*-;v *s Jfi? S ft fc t L T t> , M 

1 a u _ ^ _ ^ j$ «ufc«i=tt^-css2©v-i) i -*4r ua w -r s fc * , tr y * - a- ti a 

- eofci^&ft^M 5 a il:|filt5.I»*^ u - ( W * I* T F T «> 

- Mfe&K) «t< 4:5. ^f 8 ft¥^*S«5 aHFTBy-^O'KM y^rJ^^Lfc 
tJ a ^ y - j. . y - ^ ft ^ ^ /> fc < 5 „ it^-h Ife St II © < 4 5 . - 
©J:5t-TFT»««tt*iRl±$*5-fc#-C£5. 30 
[ 0 0 6 0 ] 

* W # & Si W T K ^ i-*«frfro-CK^«:ff«Ut. 
[ 0 0 6 1 ] 

* -r , # 7 -a s « » ± * s- t * n m * m « l, , twii^^^cvDSia^ i. 

^«^»*bfc1i, 5 0 0 1, 1 «flB<0l»«ia*fTV^ Ht 5 5 0 t, 4 S#fScD MS 

, , r r - t 1 ' — ■ 'f tf^ift. & ^ -c , «s * tt-^^^fi^ 1 % 7 

y 8 iS t 3 ^ Mltf; t r © *a S A# Pfl ii * tt -> y = > ^ ^ ^ » ffi ^ m * m H -f 5 fc 40 

ihiz&wtemm b jt^-c«v>. r®fcftiisfti^ft±^^5 1 1 tt, as & « ■> y 3 

>■ IS co i? ffi !c t° >■ * - A 7)5 fi£ $ 5 o 

[ 0 0 6 2 ] 

L fc „ ;;ffflIl»U-f-t®3:^7^-ffit!J4 1 9. 2 m J / c m 2 t L fc 0 ^ 
V^'l2C01/-f-^ ( 31 ^ -> -7 U - if - ) l:^SflS^tei B tt->^'/IC3 0 H 

z X' ff , It t fc o fc*J^2COl--lf-*cO^^A^-^a*^^?>r t K i >? « S <0 m S 
ffULfc, * fc it ift t L T » 2 W U - If - 3fe Sr It L fc ^ P: *4 t> # % L- fc . 

t^^TMtM LfciSftSfficO S EM?I^f f-5000§T'I« Lfc, * fc * M 31 K Hr * ft 
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m U- X- -h 5 „ 
[ 0 0 6 3 ] 

(±»2C0'r-#'tr^77 5C L fe t » T* 5 , 
[ 0 0 6 4] 
[35 2 ] 



2) 








2.3E-03 


7 


408.1 


6.6E-04 


2 


399.4 


0 


0 


389.8 


3.3E-04 


1 


379.3 


6.6E-04 


2 


370.3 


0 


0 


361.7 


0 


0 


348.9 


0 


0 


338.7 


3.3E-04 


1 



[ 0 0 6 5 ] 

& 2 & 0? El 5 co 9 7 A" 6. 95 & a» 4: i 5 I- , 3S 2 «> ^ - -9* - * * ffi W L * v $ £ c *3 v 
T !4 £ & v y =■ ii tt t" y*-^tti|ifisafct!) 7 fl c <=° > * - ^ * * f± 2 

3 E - 3ffl / ji m 2 ) t ft # < ?f ft L T ^ fc „ £ tl \Z M U , ^ 2 © U-f -*l:lWt 5 

ffi 8E li S . 6 E - 4fi /^m l j iH*C*4<4ot. r <?? £ R fe fc , 1 2 » U - f - 
3t * £ ft ft -> 3 y IS K BlttKi I- <fc f IS ft tt V y 3V|oM*'f)^*-*« 

[ 0 0 6 6] 

#^fi«SEM?I>@6i:*t„ »2©k-f-3ttlSWL4v»»^ (06 ( I ) ) 
. W W- ©SI!:iify^-/M^SLXv^ a * 2 ©^f-X^ * * - * S # 4 o 

8. 1 m J / c m 2 ( [gj 6 (A) ) , 3 89. 8 m J / c m 2 (16 (C) ) . 379. 3 
m J /cm 2 (|6 (D) ) , »0 3 3 8. 7 m J / c m 2 (06 (H) ) - tl^tl £ 

|flt « £ -p tt . f J" * ~ © » H: '> ft < ft o t ^ t . * L T m 2 w i- - If - 3t © ^ * 
^¥-St^ 3 9 9. 4 mj/cm Z (16 ( B ) ) „ 370. 3 m J / c m 2 ( El 6 (E 
) ) , 361. 7mJ/cm 2 (16 (F) ) , & V 3 4 8 . 9 m J / cm 2 (06 (G) 

) ». «>« t? !4 PcM rosittv*^ ^ a* fi !3T # ft L ft ^ , 4 « 

[ 0 0 6 7 ] 

( IB 3 « £ ft ^ m ) 

® ffi I: J: ») ffJ H fc g sift f I ftl 5 a ^ffl t T F T ^ ffj JJjc 1- 5 * ffi t'feS. &> T , 
[ 0 0 6 8 ] 

ifB7 ( A ) Cipti 5tISi«ii'TilteI«2lriiL l 3 b * © ± I' ft 
< b f7(ill5 a^f^fS, - r -C- S S «l#l5aft, £ 1 CO £ JiS ^ ft t *S ^ T El 1 

(D) ~H2 (E) Lfc^a^*0^ ^^T^^fc ^«S*^#ft Lft V>d>, 

7c * » * a< «£# £ ft T <^ * „ * fc S ft * # IS 5 a r± t a > * - ^ A s # & ^ ft ^ 50 
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[ 0 0 6 9 ] 

Jtv»-ei7 ( B ) [z. * -t X b ic , £Sftfi»65aOil:7ih^^!-I ( B m * 
T ) £ it * L , r. <d 7 * h u 'J * H**K3t&tJ t gi«-*-5-it-J; 0 u- v? * h ^ ^ - v Sr 

f filtS, b * - V £ * * > b T « ft ft ¥ * * « 5 a S: ^ y ^ V ^ 

f -5 ' t t i « . m SP. » ^ 5R <*> ** ft ft * * * s 1 0 * & $ 5 • ' ^ k * ' 7 * h u ^ * 

iff! 5 a ^ffit»vK{tBIS:^j«-f5w H'it L ^ „ 
[ 0 0 7 0] 

(C) icfti?^ ^^ft**«=«l 0C*II:75/ig^tx y f t 
titffa/dl, & dl ft ¥ # # J§ i oii:^'-HIIi 2 V- Mfe&Mt J 2 

bs i s tt , >v ft k * *i s * 1 s !•- m m m t~ n 5 -i^ai u ^ . 

[ 0 0 7 1 ] 

jfc^-e, ^'-MfiMi 2 »3ciB y-rMRi 2 ± £ #r t? £ ffi ± i~ A 

1 , c u , W/^i±H0it5ili*il$t5 o * ^ f: <r> & « IK ± 7 * h u * 

vm t««b, ;: © ^ * h u i? * v m z m % r v a. ft -r s r. t \c ± 9 v s? * 

^^-V«lt5. fi;^T';ffli/y^ F/^-y?r-77^ fc L T # JIB! £ ^ -y <? V ? 
, - 1 ; m * _ 1 L ? - 1 m 3fi -M r ^ k M 

1 3*7^* t LTSSft¥*»R5 a Cnl^fttt'f t> ( P . A s « © * > . ' C 
T* fl P * >- ) trW-AUT, y - ^ IS l$ 1 4 R K > ® « 1 5 & ® $ 1~ 3 « ^ L T n 
t* fttifeftlt ft 9fe ftl> 3fi*wiS*K * » M M Z ft b a Z 

<r> t Iffittfti pats;y- MKttH l 2 i feftft-l^frl l o t © # S . TkXf-f— Y *6* 

# El ft * ( r 4b- V ^ X , * S 4 fc S± » S 4 » b Y A G U - if - CO g 2 ffi M S * Ifi » b T ?F Mi * ^ 
*£?£f£ft£*6 r t ft#t^*-a-Cfc5 0 Y AG l^-if-tt* yrt^^«*t?fc5 
fc ft 4 L ^ S ft ¥ftt*6. 
[ 0 0 7 2 ] 

^, v , r , y _ HfejftR 1 2 Stf'^- US 1 3 £Stf £B-tKHIffl*feft!R 1 6 ^ ^ \ 
tK * ft tT 5 o ftv^-CSWi^^^l 6W±(-r^> ? ^ h'^-vlri^l, r © u ^ h ^ 
^ „ y , i LTSPfll6«SI- 1 6ix5,fy^t5:ii:±9. 1 4 ±S 

Ml 6 b & D< =" > ? ^ h * - * f * («i«Al^fiS) r ro * * 81 

l/^-^y^tsriiat), y - * * « i 7 , FMyfSi 8?-Mt5. «-t« 

IS[;i9TFT (nft^HTFT) & M f& S *L 5 . 
[ 0 0 7 3 ] 

: ^5l;TF TSr^^Lfc#1^, ^-r*^^^«* 1 9 |.l ^.^!o*4 

i i o 1 7 / c m 3 * ffi t i- -5 c ^ ^ -e f 5 „ ifeTFT»f-*#Hffii:*;!f 5fy*- 
/KOf liil^icffiSfC^ifcft, T F T © tt §r r«i -h S it 5 r t ^ -c t 5 D 

[ 0 0 7 4 ] 

v (j t + -| ' r 7 ■ ■ 1 MFTlSiCiS^f. fe©f#iS*r^i"5 T F T iC 

sffl-r « r 1 1 mtxhz> 0 m%-\t t ^^ss (*fctty-*«i« 

) tomi;LDD««i:ft5ftIiSH^'f ^ (LDD : Lightly Doped Drain) * Jg t 

it tzh<DXh^ a 4 fc V- b ffii^K^^ LtLD DIB** h S« t S T ffi S ^ *fc 

l>fc^5GO LD (Gate-drain Overlapped LDD) * it t Lt t) i V\ 
[ 0 0 7 5 ] 

*1t*m M Iltfinft^^iTf T^fflV-taSLftiS, n I^Mtxi IC ft * T 

piTiisi^^rHriotpft^iTFT^iStsrt^^^a 
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f p it t * v^ D 

£ 7t* * JfeJgJi-ett h hlTFTiit LTgJWLfe # . « A. tf MS * * 

[ 0 0 7 6 ] 

0 H 5 ft ¥ « ft: If 5 a ir/';#-=^^t5fflCl2roi'-f-3tro W t-t Srffto-f > 
5 gf a <o m #c © S & ft ¥ » ft H 1 0iJ6)St, $ E> !' '< * ~ = > ^ ro » 
m f$.Zti1t&itm& 18 is L tz % , ^M#H^fs ^FStt«##I « * fc tt X * r ' * 

[ 0 0 7 7 ] 

c « 4 © m * u & ) 

fttB8Sr#ISUoo)S3oS*»*S:»flt5. * « tt fi , 3! * * * S ( # b * 
y _ f. m ) TFTt^8t5*ife-PU>5. T US 1 © * * fl* « t E - <*> « * ( - ° ^ X !t m 

- <r> n *n- & u l , r w & m its. 

ifB8 ( A ) |:*tJ:5t»Sl -t I' A K C u , W f £ ± f& ft t ~f 3 & M m £ M 

sKte, *^-vz<D&mm±fc7 * h is?* vm cia*tf-n 
& J* a . 

[ 0 0 7 8 ] 

ft $ * r is n ft * * ft a 5 a * fife l , 5cn»v-f-*?;iwt5:tia^s 

{b ,f. 9 to ik 5 a c?) @ ^ 3 ft * i Jb If 5 . fc*5#aW¥#tt *S ft ft # ffi « « 1 « * «fi « « 

t m m - -e h a . 

[ 0 0 7 9 1 

^^-eige (B) i^t^^^rie^flt, ibi^witf ^1? 

L, MMS^T 5:iC±5 & ft ft ^ « ft IS 5 a t *i54«tc*0 ^ !> 
>^£tf^ r tl £b©^a»Plffl(4, Il«ilIiCSV>THl (E) -0 2 (B) iC 

* Ltzmm t * in - -e *, s . * *s an m m k ± o y ? * y v ^« ? 7 a 

& n $ $ *i s „ 

[ 0 0 8 0] 

ft^fl 8 (C) ICS-*" ± 9 KHftBI 7a. y y ^ U 7 RU'< 3 T If 6 a * |$ * 

-f 5o X^TW&ik^mi*® 5 a i:S 2 <o v-^*>-3t *r Mt 5 ~ t I* J: 9 , « A ft * * 

i$ m s aKM$ftfc^y*--^£««>5o mf)©isii^ i o^m m m *s ^ t m 2 
( c ) -02 ( e ) ic >fs l fc *a a t «& p - "C* fc 5 „ 

l 0 0 8 1 ] 

SV^X'iS ( D ) t * I' ± 5 fa ft * * ft K 5 a © _h [C 7 * \- U&X 

st 5, ftv^:©i/i?^ h ^ - v Sr ^ ^ t l x us H H a ft m ft i« 5 a £ m -7 f- y ^ -r 

5 ; t C i U , 3f i©fttOglft^^ffl2 4?ri^t5. 

Ik ^ -e t ft ft 4- « ft 12 4»±i:7* hlg * S * L , r » 7 ^ h U' ^ ^ h « * 

s + St r m if i - - t - f - ' B ^ ' 1 ; " y 

23H^HTg|fk*i*l24i:nS^I»^^ ( P , A s 9 » -f ^ ^ , ^ - 

t n a^M^^sttfti-5 fcft tinifftaa, * fca u- - ? - ^ © m m% f f 5 

[ 0 0 8 2 ] 

*^tB8 ( E ) KTPi-J; 5 (c. |g 0 B 0 ft^¥ftJl 2 4 S:^- tf ^ S ±. Jl K ft ^ S« 2 5 £ 
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KM X m m 2 4 b ..h * it ix I- # S -T S => > * * h * - A- 2 5 a , 2 5 b Srf*t5 t 

» ^ -e 1 m it ii 2 5 ± & ^ v * * h * - a * * m m (flitfAiHB) * * ^ L 

ffS J5fe -T 5 „ HJ:CI|IIJ;8a^^#STFT (nff^/HTFT) *5 ^ $ $ ft 5 , 
[ 0 0 8 3] 

* n jg f$ fli \z *s ^ x t> m 3 « n & m t m - n a * * # a c t # -e# s 0 

[ 0 0 8 4 ] 

( m m m ) 

' _ u ^ , . Hi 1 . ' 1 : Mita^BTFT (nf^ ^ § L i TFT 

SL s pf -t^wHTFT) £ |S1I$ fCftfg-rS^fe 
[ 0 0 8 5 ] 

|f|9 (A) jj? J; 5 , iE» 2 Lt*ST, ^7XS^10 

o ± t * » n i o i & fe £ # « s ft # y y 0 2 ~ i o 6*~<n \m k 

M-f 3 . 413, *-M>^y|l 02-1 06!lg2» ^Mtl K *3 1} 5 & JHt #■ * fl£ 

li o t m - t? & 5 fc ft , :Jif,t»«t5iT?oiS ic M fcii, ±M 2 « H«M 
-C S L r fc 5 <D -e ffi ft L T & T (' a = 
[ 0 0 8 6 ] 

jf^^SSi ooii:T»«ISi 0 i^I*t5„ **jftff!|-cHT*«»« 1 0 

@HT, S i H 4 , NH„ St/NiO^fE^^Lfc/yXvCVDttC^lll 
ft S-ffc v- U = (ft)81tS i=3 2%, O = 2 7 % s N = 2 4 % , H = 1 7 % ) Sr fflt 

5 0 n m^3K*-t-5. « ^ t? . *I6 *6 «ft «S 101O2IIHT, Si H , *S J: N 2 O * 
mi&X* t Lfc-/7X>CVDii!:i 9S2»{ta<tvy -^flS (fefiUtS i = 3 2%, 
O = 5 9 % , N = 7 % , H = 2 % ) Klf 1 OOnmClSttS. 

? CVDft|.li 9 5 0 EmORfHMt5. ft ^ T* , HMfl 0 pp.© = A>* 

1 £ ° * jp » Mian * a « y - > * * *s * fts*. *e * ft ^ * # k « - *j ^ *> s * 

iUf = ISPiaSMiB- HiK5 0 or~ 6 5 0 "C T- 4 ~ 2 4MB^ili 

r - T'ttK7K*^wfcA<oitfea (soot, imm) <nm, ®§,it<Dit#><D®& 
r - - ,v m m. & ffl v ^ t m ^ a & tt o t t i ^ a 

r^y y = yw©*tftfls*fr**K »ssrtc»*n5XB«r**t4fcft, s 

l»^f-3t (XeC 1 : «ft 3 0 8 nm) tfcall ^ ^ ^ttt5 

Jgl© V--tf-3ttHtttft 4 0 On»KT0^^ u - f 3t . U < IH A G U - If <?> 
f|2«Pjffi, &3if5P«fflV^. ^-ftil-' Ltt, SOSLSitlOMOOOIzi 
f|j)/<;M ^-f-^Sr*f*(wTl 0 0- 5 0 0 mJ/cm 1 ^ M * L , 9 0 - 9 5 %??^ 

L S] ffi ft i 0 H / 1- 1- T - - t 4 1 i 0 T , p " ^ 1 1 U - + ^ " ^ ML ^ f 1 

* 5 4 *s H l © v - if - 3t © W St (4 » ■> y 3 yifcl^^sl ( - ^ 14 T =f v ) 
*-F^-4 *fc!lftS1 5if#t!:ISffc5 3 JJt^t?, ^ V" v 7K V « E *r 1 2 OtML 
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m §nz-£VBfaZfrtzmitWkfrbwmznz>'<yTM ( m * * -r ) % » $ 1- 5 . 

[ 0 0 9 0 ] 

& ^ t? , '^7lit:^/?^i)^/Si:t^??!)y/t^ h i ft 5 7 ^ =r V tc * Ir 
ftfilfy^ a 1 5 0 nmCMtS. CI r T? © J* H * ft tt , ffl * If ^ -Y V 

s< - ]± ffi 0 . 3 P a , # jx ( A r ) IiiJS5 0 (seen) , fig K /< 7 - # 3 k W , £ 
« jfi g iU50tTJ)5, ft *5 , ± IE * 14 -C © # A SC -> y = >li^4K57 ^ =* > 7c * 
©K-?If 11 3 1 0 2 0 / c m 3 ~ 5 1 0"/cm\ 1 0 1 V 

c m 3 ~ 3 1 0 1 V c m 3 V & 5 . -t © ft , 7 V ^7 ^-^Sf Srffl 6 5 0 °C , 3 ft 

<n m& m & ft 1 z. 1 iz. x n , y v u =» >- si * « & a js ^ * * ^ * > }J 3 y m ( ' ^ * u 
y ^ -r s „ 

it t? II W W H Bfc £ 5 . 
[ 0 0 9 1 ] 

y •> y = y k a ® k riEStifctr^Jh-^Srafts. r © g 2 © v - -r - * t n ft ft 4 0 

% 2 <d u - -f — it <r> W,M ^ ft ft 5 . 

[ 0 0 9 2] 

ft*i*S*WCttJB 2 o u-^-^roifiitSr^ffiKfTo &gftffi«©*K»JR&J 
}' jR 2 £0 u - If — A £ m tt t -c t <t ^ » 

[ 0 0 9 3 ] 

i. ^ t , tl fc y ■> ^ y I o s ffi ^ t / y * t * 1 1 5 ;t i: i U ■> ^ ^ 
m&iBkm^m<tm*&&-t-z. * v *> ft § ^ * * l , ^©^*?& 

2-1 06^lsEt5. iti^y'^^IH^Lfc*^- 7 ^^ 4 ^ 5 " 
[ 0 0 9 4 ] 

ftlo^V->y=>'I102~106^iLfc| 1 TFTHJ^I ( V t h ) * ffl ffl 

<5iJ * il P > ( B ) , 7/K = n ( A 1 ) . ( G a ) ftt'BIfH 3«% 

9, na^*S*B, Witf!)> (P) (As) 4*RMfM 5lx 

* -C 5 » 

1 & ° r ° ? v m & £ tf ^ y + v b -e *ffc at * ft * 1" § t ^ e * = y -> v => ^ a 102 

M06J)ll«#U:i, y - b » *R 1 0 , - - i'J " rt ' "' 7 

CVDt!:i?MSllfc^ll5n m ©KftSft "> y = VII (»fiUt S i = 3 2 % , 
0=59%, N = 7 % , H = 2 % ) Sr , y-M6ftRl07tL-CfflV^5„ 
[ 0 0 9 6] 

- - ^ 3- N 1 0 7 ± - P ■ - - 0 t |l^4iH 08ai, I 

JVC 1 0 0 ~ 4 0 0 n m <D% 2 ©MSI 1 0 8 b b . K* 2 0 ~ 1 0 0 n m (O 35 3 .0 * ^ Bf 
1 0 8 c Sr - ©Mllcairi L, ^-MS^ftSitl^f^tS. »1« 
9 M m 1 0 8 a > U^^ill 07iS:Ii50nm^y^r>St 2 : « 
^, , - T--00nm©T/U5->?Ai^^>»^^ ( A 1 - T i ) R * 

, l3©ll«lfl8cHtII30nm»fni^ * n n ffi 5 . 
[ 0 0 9 7] 

ft^±|ELfc»»«i«-fc t , M 1 ~« 3««tl 1 0 8 a ~ 1 0 8 c *r V fi£ 1" 5 ! * * 
ttfiH Tlj, T a , W , T i , Mo, A 1 , C u *L 7C & , * !l B« a£ 7C « «r 
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£ r£ /> t -t ~6 # & n n t l- < t± it & m w m t s s ^ > # -e ^ s „ m * «\ ss 1 © * * « 

1 0 8 aTft^y^^fyEtti-Clft^y^^f y^ffl^TtiV\ IS 2 © ft SI 1 0 
8 bt-H, 7;K-nif^»^^ ( A 1 - T i ) | i: ft i t 7 * ; = ? i* i 5 12 
y © £ & ( A 1 - S i ) itJBv^tt)J;^ 0 l3»#fll08cf!Jf?>!IiC|Ut 

* fc , y-h*ffifcfc3MJl«3JIM('P&££*i-f\ 09 *. tf , tft?y^Hi * 
y ^" * x v IK > © 2 Jg fit ifi T- fc o x t> J; . 4 fc , HSi 45»tlfc IT y > # 
© ^*E«>7c*& K - bf V / L fc # fe- £ I'D 3 * * # tt £ ffl V>T -b 

J; 

[ 0 0 9 8 ] 

& t , 119 ( B ) £ ij* J; 5 £ . g3«ii«ll 0 S c «±!:7t h L/^^ Mlri* 

1 1 0-1 1 5*Mt5. ftl^f'^n 1 0-1 l 5 £ ffl ^ r , f - h mffi& tfE* 
% Bf& T a fc » « IS 1 ©iff ^i'filSr F7^^f>^ffi9 s 

©x^f i ? f y^ffl©/7X^i Lt I C P (I nducti vel y 

Coupled Plasia:R*»^I^5X-?) *« S "C *> 5 . ' © » £ > * ? ^ > ^ * W= ( 3 f 

/v §y co « m i' en jo s n ^ « .^7 * , m m m <r> mm k. fa jp * n- 5 * # * , * ffi w © • m M 

[ 0 0 9 9 ] 

tsJBlciijf > ^ »lf S3 , W^.tfSBi©^yf^^%tTofc«, tt ^ x m 2 © ^ 

I o i o o ] 

f lOxyf y^tli, lyfy^M^HT, Cl„ B C 1 3 , S i C 1 4 „ C C 

1 4 fc fc & ft ft fc I" 5 S m & # * * fc tt C F 4 , SF (> NF 3 fc^*rMfc-f67;/*S# 
* , *tliO,tiiS^5. 1^5x 7 f y^ffl if * (C fig % it fc ^ ^ r ^ T? BBC1 3 
fc C htOj^ffll^ItaiittW^ **i^;h-0>#*«*t±«!l*tf6 5/1 0/5 

(sccm)-Cfe5 0 ^LTl. 2 P a ©I/J T' ^ /H ©tSl' 4 5 0 Wffl R F (13 
. 56MHz) t^ifiAlt7 , 7Xv|rt{SLtH7?>Bfx y fy^tTn £ © 
fc § £ « iW ( « fl- * x - ) I- 3 0 0 W © R F (13. 5 6 M H z ) lASrRXU * 

8 bS(fi30|tll 0 8 c tt^-y^yy-L, 0 8 a CO ffl5 % T - 

/< - JB # fc "t 5 . 

[0101] 

n ©# * %4 li^e ft^n 2 5 / 2 5 / 1 0 (seem) tfcSo UtlPaOffAt 
^;HOfi!; 5 0 0 W©RF (13. 56MHz) t A ^ A L T / 7 X? L 
S3 0&l^'x y f y/fti?- fj 5 „ ( I* » ^ f- - ^ > C t 2 0 W © R 

F (13. 56MH Z ) t*«AU «fi«i:Af)6B/^7Xiff^»t5 t C F 
^Ch^ULtlZCx ;y f > ^tttii, Il~S3©«tH 08 a ~ 1 0 8 c 

ji -' h ~ f~ ' _ x. • ■ . fc , y ■ - \- mmm l o 7 _- :• -t ,r £ I + - r ■ 

< Iy f^t5t»t», 10-2 0%SSB>"x-7f >/l#K^ti*iI 
[0102] 

r ro» i yfy^lia "9 , y- hfeSJi i o 7 ±t;±i§ i ~M 3 

bt ' ¥ 1 75 J F ; 1 _ _ 0 = ^1 '1=1 ? 4 - 1 1 7 a - 1 2 2 a , W, 

2 (omnm 1 nb~i22bsi^3 ©fsi 1 1 ? c ~ 1 2 2 c ) «*sti5, 
*fcy- b mmm io7»hh cfHc»iss 117-122 -e«^nfcv-**i± 2 

0-5 0 nmSgx;yf y^JtlS</i5. 

ifcilgLfellfflxyfy^illf fl, ^^H>tfe3^^»i««5I fc jFJ « 
(c l , ^oSfi»li:i9)4/W7^tff^*it5: i -e , ^ i 1 i 7 ~ 

1 2 2 © S gp £ iS W fc x - ^ - C I" 5 C t *s T" t 5 „ « i t£ -t ELtifrTMir-^ 
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-WlOftSrt 15-45 t ft 5 , 
[0103] 

ft V- X' H 9 ( C ) |;Sti9!:, v^H 10-1 1 5H©SSffll>TS2Ciyf 
>?&m%n 5 . I20iy f y^ftlCS^t, iyf y^ffl^^KHBC hie 1 2 
^ ffl ^ P> ft -5 . ^ Jt?n035/^itl± 2 0 / 6 0 (seem) T? 5 „ t It 1 . 2 P a 60 ft 
St = ^f;H©iiH6 0 OWWRF (13. 56MHz) f * SrfiALT/yX^H 
& L , xyfy^^lt?. ifflt JItl ( 14 * r - 5? ) PlilOOWCRF (13. 
5 6MHz) tMSAI5. :»l2S)x ? f> 

^?-i?Aa>6ii5»2ottii i 7 b ~ i 22b, yt>*btez>M3 ommm 

1 1 7 c - 1 2 2 cth?fti!ft*tt^?f^^*l, g2»W®|lll 2 4-1 2 
9 2 4 a - 1 2 9a, i2»iti 1 24 b - 1 2 9 bSO ! i 

3 to* its i 2 4 c - i 2 9 c ) a* jk/S $ ti 5 o :»£ty-h«»Sio7»H, m 

2©itt©itl 1 2 4-12 gtl^n/i^f iWf T 3 '-'^^^ ^, * < 5 „ 
[0104] 

ft tS SI 9 ( B ) fci!l@9 ( C ) $ 1 <D M- » g » X - ^ - ^ <T> ft $ £ , ^X<0 

5 0 ICfeftialfeiaotllOitll 2 4 a - 1 2 9 a * ft * ft ■© 7 " ~ §P « « 
[0105] 

^ * * 1 10-1 1 5^*CttSLTSl» F-t = y^feitfTV>, *° i) v- 
y a v S 1 0 2 - 1 0 6 !■: n 1 S^iftjEi^SJlt 5. K -t'y^fil Si 0ij 

li^ 5 X-r F-^fSW^ftAifetliitflK * v £ A ft fl= T ff 5 £A 
ft W it m X. (i K - X * £ I . 5 l 0 1 4 atoms/cm 2 H, lltff * 6 0 - 1 0 0 k e 
Vtfi. nStft^ti^WiSSttLTtt, M ±if \) > ( P ) * fc ttSfc* (As) £ 
ffl ^ 5 . r«Sl©K»-^y^iait-!±S2fflItOilIl 2 4 - 1 2 8 ^X^4 
5 fc * ° # y V y =» > « 1 0 2 - 1 0 6 \C , UfWlC^MftSSl 3 0 - 1 3 4 * 
2ofo|al#Wi:li^tl5 ( 1 (D?|t1Stl 1 3 0 - 1 3 4 1 0 1 h - 1 

i o 1 7 /cm 3 « m m m m -a n s £ * -r s * *e * * * s »*n * ft £ = 

*s , *3St«tli^^ i i o-l i 5«£tfi:|i»K--fy^Il^lTofc 
ifl , ^ k ^ 1 1 0-1 1 5^^iLfc«l'«l©K-fy ^MS * ft oTt±K 
[0106] 

R^fv^iio-H5«*Lfe8,Iio ( A ) |:St±5l:4iit7^ 

5 1 3 6e«t5„ * * 1 3 5ttflNK«pf t^^STFT0-o^flfit5 

9, * y- 1 aSlillSWTFT^MtS^^^il 0 5fflHf+*^ff^ 
ft $ & (O M m (O ffl «SrffiH-fS^^ n-fc5 5 

[0107] 

1 3 5 , 1 3 6 & m ^ X % 2 <D K - y ^ «i SI * ft V V 

fotiti^iv^u v- y ^yfi o 2 , i 0 4, i o 8^*ifni:^«aiS«*i)St5. 

K-fyJfti!i«i!±-/7Xv K-tfy^St-f^y'iiAStffx(ffti\ ^ y ' iA 
£ ft -e fr 5 « 6- s a A ft ti , iPltfffr60~i ookviti. 

[0108] 

-«)ii*'i->!J^lio2, 104, loe^tifns^i^, i2»i«»it 

1 1 2 4 - 1 2 8 iii*Cm5«*^SL4^*^»« ±* © ** » # *> * 
fc ft K - x * a* H ft 5 „ :©feM!l^^| 1 0 2, 1 0 4, 1 0 6 ICI1, ZtlZtl 

m 2 <otevt<Dmn.m i 2 4 - i 2 8ioM!^it5tis©i2c^«»«8i so, 

1 8 1 , 1 8 2 J55 2 o -f o $ £ ft ?> t m B* \z , »2<7>*«*««rofl.fflfc»£-t-5«3 
tf^Hl*** 1 3 7, 1 3 9, 1 4 1 $ ft 5o tfc*!)'/!)=ryil 03, 105 

W 5 *>-r X * 1 3 5 . 1 3 6 T'UfoftT^ft ^ SB t * tt 4*1 # * A * ft . % 3 CO ^ M #) 
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mm I 3 8 , 1 4 0 # 2 O -f o ff? fi£ £ ft 5 „ $3»TIISSl 3 7-1 4 

ldttl 1 0 2 0 -1 1 0 2 '/ci 3 »«81t n a^M^76#^gsJp $ ht ^ 5 . * fc 
, |2»«$ft«i 8 0 - 1 8 2i:ttl 1 0 ! 8 - 1 1 0 1 9 /cat 3 GO tSIItnS^ 

f£ #5 5c ^ £r fs a snti^. 

[0109] 

/iHHO ( A ) -eil. fftJ:, *10ftil 2 4 a-1 2 9 a Wf-^"SOft* 
& , f t i - i L 1 5 i\ ^Sll, Ei«i:±oTll©iiil 2 4 a~l 2 9 a 

it, * ft ft x - ,< - gg so ft * # a * 5 # £■ * s *> 5 „ :oi^, f 2©^SI)i«i 8 o 

, 18 1, 1 8 2 O « t E VM- ft * 0 . * SB 3 © ^ 1 3 7 . 13 9, 1 4 1 <D 

[0110] 

S^taio (B) j:it±3l:?^M 3 5, I3 6«l-Lt|, Iftia*!^ 

1 4 4 ^fSltS, 1 4 2, 1 4 3, 1 4 4 Htilfil*l->P3Vll02, 1 

0 4 , 1 0 5«±#fc®jS3it5. Sfepf t^'HTFT^fiJ Jl5*f 5" U a > * 

1 0 3, 1 0 6 60 ± 73 d ! 4 * £ 3 s J* $ ft "C V> V „ 
[0111] 

ft ^ -C -7 * ? 1 4 2-1 44^^t|3BP-t=y/M^ «itf^7X-7^f 

FT^)gif 54^ U = >S 1 0 3, 1 0 6 © HI 2 J)f ftcitl 1 25, 12 8 

tStjJitl^i ^«B£ x P a^#fi*5E****fsSn $ ft- 5 o 
[0112] 

I ii K ± 0 # II •> D 3 > M 1 0 3i:S!4(?)^Mil*l 4 7 a. 0* % 5 co ^ « ft « $ 1 
4 5, 1 4 6 3S5 M £ ft , sK!l^!)=yll 06CliJS4OTIl!**«l 50»tf*5© 
^iwifcffltf 1 4 8 , 1 4 9 # Jg£ $ ft 5 . 14 W^MMt 1 4 7, 1 5 0 (C [4 1 10 
,H -1 1 0 20 /en 3 (DUMB"? p S^FttfcTE*****! £ ft t £ 5 © * *E «5 

|| 1 4 5, 1 4 6, 1 4 8, 1 4 91:1119 ( C ) R X? !3 1 0 ( A ) T^LfcHI^ 
Mnl^ltar/ (P) SftTV^riS, pSMftitl^l^^l. 5 

~3<S«l£ft-T^5 IO ZO ~1 10 !! /c» ] )f:fe,ISiapit^ 

T^5. fcfc*5<0*«»«tf»5*>,«*l45, 1 4 8f4^ft^ftffi«14 6, 14 
9 £ 15 n *S , p m t ft ft tf> 4^ $9 7t m » ft Jg ifi ffi ^ 0 

[01 13] 

si ± stwiit, #y >>y = >i i o 2-1 o e^tifHcanitfcttpicii 

S£^3^MM^M£ft3» 2 1 2 4 - 1 2 7 h « 

m h t£ t> . « 2 i 2 s f 4p«a;i.'^v^Ti*fi«s^^i*-r 5 t 

* 5 . £ b , |2f) » -If. co #tl 1 2 9 !4 H id SB K *3 ^ T y - * ffi * £ ^ it "f 5 „ 

?r ® 2 J) * V J: « X "f IX t> ( ® 1 © * M * « « - m 5 <0 * « ® ® « ) 

[ 0 1 14] 

Jfc ^ T? 0 1 0 ( C ) K ^ "f ± 5 i-- •* * ? 1 4 2 - 1 i I - =.-■-, li IS ^ * * » ^ 
S*&SS (S^-arf ) ^r^^i-S. *Hffi«lt*tt, ^7^CVDftlliDlf 50nm» 

iftH3>g«iifc. torn* ^©iftfiftift->y3^«tfES^5t©T-4;< 

[0115] 

ft T" , ■JHfllO*! v- U ^ >• ■ 1 0 2 - 1 0 6 & Jffl £ ft * & » 7C * £ iS ^ 

T A m ) , S^liYAGU-f-tfcli^^^^^-f-^ftSi*^ & Mi~ b jj m , * ^ 
S4 5r ffl ^ fc m ® a , gfc vmi - ft ?, to 77 *r it ft ft * & * fc * ft i 5 a t- h 5 . fc 
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it l , * m m m x ft , m 2 <» &$i(vmmM i 24-1 2 9^t)«t5S2citi 1 24 

a ~ l 2 9 a (|9C#1) (' T A> 5 =- V A £ 3tE $ # t 1~ 5 fl" *4 £ ffl ^ T ^ 5 <T> X , ft i4 
ftllt * 2 ro#ttJR 1 2 4 a ~ 1 2 9 a ^IKj^lilSMlitt ttKH'* 

s -e s> 5 . 

[01 16] 

j- 82 L fc m tt ft S!i 1 C J: ? , ^SiSi^ittftt 5 i 13] « 1~ , *J5^!)3Vl I 0 2 
- 1 0 6 & gSftti!li^lt tXffiffiL/ctlTcI*^ yt-tfj|3if)^ 
E #J fl $ 1 3 7 , 1 3 9, 1 4 0 ( HI 1 0 ( A ) # B§ ) ^ S. ^ fj 5 © ^ ft tl fi Ji 1 4 fi , 
14 9 ( m 1 0 ( B ) * ss ) !) y^^H, #U ->!l ^ Vl 1 0 2 - 1 0 6fflH 

i i- ^ * /u- m fife « « i ft 5 as 5> f » - * 4- ^ m a a* « & -r $ . * ® *s * . ^ -\- * ^ » * 

M * <r> M S # £ < * 0 , TFTfflt7ggf « T fl* 9 , * fc ft £ tt= iUv^t^fc « ^ 
C # a * # Ws St # # tv 5 . :0i?Cftff4»ttHt4TFTS;ft5:i a* V £ 5 . 

as, #1 -c i± # y v y 3>itiif 5 a m x tmm i <?>mm m m i- ^ 1 & 

[0117] 

*HJfiWCtt, lESftft^l ©Sir (H**T) SrfflffiEUfcWS:^Ufc« s . ± 

fd ffi tt ft £ ft o fc $ , *fe 8«^l{lt5lSJ: LTU ^ . 
[0118] 

gcv^f, iftvy 3yKi>ib4^f i 5 1 jfitSo * l ^** a ( 

3 0 0 - 5 5 0 t^l~12»JKffl|iil) * ff , #P->!laV| 1 0 2 - 1 0 6 i* 
X m Sr ft 5 . Uol W » » IK 1 5 1 K £ * *t 5 * * J: 0 * !> > 

y 3 ^ S 1 0 2 - 1 0 $<»#WWtfl£> K 4r * (S i" 5 XS 1? *) 0 x St ft '> !> ^ > M ^ 

p, * 5 e « it ( a * l * ^ ) »ts c H«4<#y^y = ^*i 02-1 0 e sr ?k * ft -r 

KH^n. tfiL, * H tt "C !± , «2»»ftO*tll24~129ti*t5 
8? 2 (D*«JS 1 2 4 a ~ 1 2 9 a (H9C*») T /u 5 - * J* & ± J& y 7> t -f 5 « W * ffl 
K^SOt, *|ffttaitl^^t^2©fl|l 2 4 a - 1 2 9 a » S<J t » 1 # 
5»jQi*tttt5wi:asifT?i)5. 4 *s ?K * ft © fill © ^ S i ^ > ^ 7 X v * * ft ( 
7 p 5^-?CJ:!)lfi*iit**tiJ;»)**fct5*li) * ?t o r % A 
C 0 1 1 9 J 

ifc "C US 1 1 >Ti -T J; 5 £ , *1©JBM«*BI15 1±HSS2© 1 W « ft SI 1 5 2 £ Jfc 
j«t5. *2©ilB«»Il 5 2!itMiMfii>bS^^tU^LSI«l«f^ 1 

$t » «5 5 S $ £ feS ^ t 5 * *s ^ ^ ^ ^ ^ ^ ~ * i ^ * ^ * S ^ * o T « « * ft 
«<>n^^y*<0jeiHttt»Srffi^5. *3 K * 1 ■ e^raWTM^fflllt^-ott 

^V>t?, S2ffliP«iH 5 2 1; 5' f ^ * h^*-v£^$L, r W ^ ^ * b /S * ~ 

y * ? t Lxm 2 <DMm%&mmi 5 2Rvm 1 nmmmmm 1 5 u^yf y^ts 

r £ J: 9 , S2»f«c*tli 2 9 (1-ftfr*>iIi*8IJ»y-*E8l) ± ^ ^ S 1" 5 3 

^ ^ ^ >. ^ a, n R & # y -> y 3 y jl i o 2 ~ 1 0 6 \z B fi£ ^ ^ fc S 3 <r> T- n ® tS W 1 3 

7-1 4 i * ft ^ti <0± K#lt-f * * h*~^*^fi£1-So * ^ M M « * » « ^ 

y f^M^ jili & ff 5 „ + ft ^ *> ft l w « IS If m * * y f- > # * Y v k L ri2 

[0120] 

S 2 « ^=6 « IK i 5 2 ^ h *-^rtt^^ ftS« " e»J -< (± 

A 1 T i , Mo, W ft if ) «fiL, ;©#«5r/^"^y?'t5:>ia9, ffi B 
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^ „ CHT, y-7E«it(lKV^f^E»l 5 3~1 5 8, ^- H!» 1 6 0 , »* 
G m 1 5 9 . BIlIl 6 
[0121] 

EtlWitLT, n f t ^ /''ST F T 2 0 1, 2 0 3S0pf-fl*ITFT2 0 2 J 

g -r h m m ! m m 2 0 e t , n f^*ST f t 2 0 4*tfi»«i2 0 5 § ostitis 

2 0 7 %R-SS©i*i:H-Ittiit5i KJ. T . *W » <0 

<£ 5 4IS^ffiSi:7^f -f 7*-? b y ^ * £ * t If & o 
[0122] 

^/HTFT2oni, f t^^iisisi 6 2, y - h mm* Mfc-r z % * s> v °> 

Hil 2 4 , % 2 ©I«©fli 1 24W-»»»Tl:ffiIt5*20?MI««l 8 
0 , *5 £ V - * fl m * fc « K f ^ >- * « t L « « -f <5 2 O <7> IS 3 S> ^ fli ® fl & 1 3 7 
Lt^5„ pf t ^HTFT 2 0 2!i, f t 1 6 5 . y - S '1 ffi £ W 

^t5f2©it©«tll 2 5, |2©l*»ltil 2 5»-i^OTi:eit5l 

4 cd^m^M 14 7, fcti FW I t (I i t 5 S 5 ©?FM#3 

««146I:*UV^, nf+*^«TFT 2 0 3 Uft**ffMI«16 8, ^ - h 
M*»*-*-5*2©»tt©#«Jii 2 6, $ 2 ro^ftcISi i 26»-a^«Ti:tt 

3^«i«139^lT^ t rDiUnf + ^STFTWpft^lT 
F T^ItSlTStt 5 r t C± . f7H"^#EB. ^s/^tM, 
^EB, 7 y ^Uli&fe t*&^f&+3 itRH, r r •ere»*JEiS*vw< v J 7 E Bi- 
ll , *yK#f y7l*!CJ:5 ^CBffl^b, nf^*lTFT20 1 4 fc fi 2 
0 3 frffl l> -5 r t #Sf* LV\ 
[0123] 

*fcB*W 2 0 7 KjB^T, n f^^ST F T 2 0 4 ii , ^ + * A- # £ * * 17 1, 
y_ htt^Sr^figi-iSff 2 127.* 2 <7)M«#«S 1 2 7 co^fflHcff? 

*^TV^IlW^a«J®)Sl 3 3, ^(/y-x«*fcfiKVOWHTli 

p a y|106ia? M£ftTO£ 0 #yi/!)^H06 iCiiSM 1 5 

- - Till 2 0 7 <D n ft^ST F T 2 0 4 tft^TIi, £ J* * ft 

[0124] 

[ £ Mi £f 2 ] 

2 -C 14 7^7^vMnIfi®?'-Fi«^llitt5 5 fe *5 , 14 , 

[0125] 

If^-Hli45ftlitt, lf3Onm©TaNi^b45H0*ii - 
|I 3 7 0 nm«Wl^?>45i2»iiI^iMt5. T a N « 14 , T a % — ¥ 

v h & » * * ^ tf # ffl ^. -c* * y * y >- f -r z r t \z i ■? ff$ § ft 5 „ * fc , w n » 

W^-y^^^y^'J^^tsriiaoDS^S. 4*iWli:ftit, wiM 

[0126] 
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£<0;<#~~>-!?ZnZ o Z co £ # v <f~ V ? 3k fl= (=W § *l 5 « * * 

liOf-^-ftCHrxj/f x^tiitis-ess, ft *s , i?fy^'iSf'^tu 

ii , Cli, B C 1 , . S i C 1 4 , CCl t ^'fft«J:t5£ti#'^fcliCF ( , S 
F 6 , N F a & if *r ft Sc £ 1~ 5 7 -y * ^ # * . t t » O 2 Sri t ffl 5 ; i ^t'^ 5„ 
[0127] 

ft ft fft !± , S- tte M i £ m til n i ©lyfy^fesst/S 2 co ^ y f- >- / &i a as , 2 

S If it A> <b ft 5 81 K tf fc> *i S . 
t 0 1 2 8) 

11 oiyfy^lJ; LTIlitMl £ 13 « fc: fR 1 » iS 2 so 31 y ^ y ^ # ft ft 6 

0 Si wi ? f y ^ ^ ts ^ "C , iyf>^fl^^l:liCF ( >C I 2 £ O 2 ifi m ^ ft 5 . 

^tlf ftff)*^gi!±ix.tf 2 5 / 2 5 / 1 0 ( s c c m ) tfc5 s © f> 

£ , 1 Pa©E/jT*3-l'^SrolSlC 5 0 Ol»R F (13.56MHz) 1AS:SA Lt ^5 

* ± BR U , d © 7° Oxyf y^trfri. r co £ # l£ (ttft^f-^) t- *> 

1 5 0 If) R F ( 13. 56MHz) tMfiAL. ^f«t*©l a^-f 7^tff*fil!«t5. 
$ 1 C5 ^ f- y \c $6 ^ T , W CD a: y ^ V y* 5$ ft (4 04 * tf 2 0 0 . 3 9 n m / m i n T? *> 
0 , TaNf)iyf^l«(ifiitf8 0. 32nm/minT*fc5„ SfcTaNMt 
5 W © 51 « it B $J >L tf m 2 . 5 -C & 5 . - <© % 1 ® ^ v ? > ^ * # I' ± ^ T * W £0 x - 
- ^ f± , $1 x. He $ 2 6 £ ft 5 „ 

[01 29] 

ft = -y f- > y* £ fl= £ ft A. T £ 2 CD J. -y X > ? £ ft 5 . IP 2 CO m ^ f y ^ T' (i , =t * 

x >- ^ ffl a * \z c f 4 £ c i 2 a* ffl ^ e> ft -a . * ft ^ ft © # * «e a « « * 3 0 / 3 0 ( s 

c c m ) X * 5 . :©±54*tt«ti- 1 PaOE * T = 4 /V W CO ft S t 5 0 0 W© R F 
(13. 56MHz) l/J^fiAU77X-7BIU x > ^^fi 3 0 f>B ^'ff 9 E - wt 
f g&fcij ic t 2 0 W© R F (13.56MHz) t^^SAL, £ W fa * © i 

s y< >f T * «E *■ M -T 5 0 C F 4 £ C l ! ?:il^Lfcl2©x 5/ fy^fiiWlXtfTa 
NRit R g S ^ y ^ > ^ iELfci2Bx;,f^|:}J^T, wox '^ y 

^ 31 jar \t V i X. Si 5 8 . 9 7 n m / m i n t? *> 5 , T a N £0 rc -y ? y ? M & it 6 6 . 4 3 n 
ra / m i n T* fe S . 
[0130] 

oiSil:i9J4/W7^tfft^lHt5 r £ T? , % 1 ©iliSl/l 2 w i» a © MS W 

CO £ a fi 1 5 ~ 4 5 £ ft 5 0 
[0131] 

I^tl2«x y f y^"fti^'fT) 0 ^ y ^ v / ffl ^ ^ s f , £ c i 2 £ o 

jtiffl^i, * n ^f H <D H * m f& ti &S X. tf 2 4 / 1 2 / 2 4 (seem) X' fo 5 „ 1 © 
J; 9 ft CO t £ , 1- 3 PaCOffiTl f 3 /H©t# {C 7 0 0 WcO R F (13.56MHz) « 

HiHiSW ( *1 x v • • >- i ICUOIWRF (13.56MHz) iMfiAL, * © ft i * 
cSc^T^itt^WtS. iEL/cS2©x,fy^feli^^T, WflI?fy 
/ iS S (1 X_ « 2 2 7 . 3 nra/m i n t* •? , T a N CO ^ y 7~ ^ / i$ S t± « X. (i 3 2 . 
1 n m / m 1 n T? *> 9 , T a N St 1" 5 W CO il %l it f± 03 A ii* 7 . 1T*J)5, * Ac ^ - S *6 
,11f-C^6l<tift->^>S (S iON) il » -T 5 ^ -y ^ > ^ a ft 13 ffj X. tf 3 3 . 7 n 
m /mi n T? fe 5 , IftSfti'!) 3^C»t5W«aWit - ( 1 fliliB. 8 3 tfc5. - © 

f 2 y^ilia 9WOT-^-*BMtS'7 o £ ft 5 . * <T) i. 5 L X V s - 

[0132] 



(26) 



JP 2005-327865 A 2005. 11 . 24 



[0133] 

t co ?I g T I* jjii £ ft T ^ 5 fc » , jUfeW 1 lztt-<XV- HiOtSttSf 

, Mt«»»fi14^i*iVN e r co fc * Jg & ft ^ ?x * ft co so. a ft ff t ^ - h fi s » # ft # 

£ * S ft !' < ^ t V> 5 f(| £ Lt^2i„ 
[0134] 

tmmm 3 1 

* n m m a , ll« 1 i tfi 2 fffi ifcr ^ r M ^ ^fil* ^ . m ft s to r 

b y ^i«iisai?r^it5*fef 

[0135] 

* -f , i: IE H* m 1 t Si 2 ic ,T, LfclICi ? , 0ij x. fi HI 1 1 t IH - <D T ? T ■< 7* ^ 

h y ^ x s ffi §r # s 0 ftKr^T^t b y S « _b ^ r 7 ^i-tllf « * « « At 

ft ft <0 * ^ - ft ffr fi co fir. a K i^t5„ ft 46 ft ft co * - ft i- x. (. , » ft co * - ft 
^SiiStS^tTtiv^ *^x*r^T-f V ■* b y * * £ « -t t E ifi] ill t- 
v ^ & a * ft o . 

[ 0 ] 3 6] 

K at iri i- 5 {Hi # K , 3»fi,aaTjt*3fcJi^p>>!e5*9-7>f/u^i«»:ite)*i'-c*s , J, r 7 t- 
^ t* -7 b y 7 * as * co ,ie m m ss tc *t ft -t 5 » # ic> » # « # k w ft ^ ^ 5 „ « ^ ffl * 

L fc *t fa S « , * 7-7 ^ /u?&VjS3t« W3JJ*Sr« 5 Tfift fflt S: flif ^"t* 5 . ^ T? ¥ 
fci^-CW ft X * © £ S ± i' Ifi l&J HI & » * t . 7 tf v t* ftlfeJSt. 

1 0 1 3 7 ] ^ * ■ 

^^-e^-^wsr^^SKJi^^fifeLfca.w^afiS-t * * * * T " 5 • - - x ' * BB 
flLtu^. ^gr^^^ b y * £ wis]** t z v-^tr-eas 9 

-> - /u «■ (i 7 ^ 7 - is « A S n T ^ 5 „ C <r> y 4 7 - t m E L fc ft ft * ^ " * * 

^ t *t !r] £ S co m (' tt«a*sSJtS*i5. « Si fi- W ic fi^^PCOte^W^I'^rffl ^HliS^i 
[0138] 

Pi » « M 4 # « L ft ^ ib W £ * N « A HWttAU it ih Si ttoTBISffl m 
[0139] 

7 U^^7^7° y > Fit (Flexible Print um. t I r + 

I TOC iotf5lJht^5. r©BE*«*H:, T ?T 4 7* ^ b y ^ ^ JS « » « % & 

4 1xt^oS»^irL"C7?T^> b y ^^H«ElEiiLT^6 = 
[0140] 

ir ^ m m n & ti^tv^. iistsstci^^i^^tt^, m ^ s w ± « }' 

(4> y-^flr^-ai3riK|li-t-5fc»©y-^fS^aiS2»lHl»i s e»** 1 '"C v ^- m * ^ ro * 

* * n ^ n ■ k s-± . 7-*- n*»4:fit5fei!>»^- h«^^w»iii^^sa*^^-cv^ 
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tftiK , SS* •^a-;K^fcit5lSt'f !■ # git. IS st # # ISIKth 

LT|- |g ft [a] n — » fit # CO A # & . FPCi)>?)ffi3tL5, 
fcfc^TroBWEBfcStt^^KJBriELTfcJ:^. * fc .12 ft Eel » ® ~ M K « » I C 

[0141] 

[liiPl 4 ] 

*jt#j 3 -c fi , Miti^sittt^#t5#i» -e m f& $ ti fc s it si « s m m i- i 

g T, iL ft ,o ft m % m Sr * 1" „ «ra*6SK&JBJSr*lS*-PH:**«l t PI t "f fe 5 ffl -e 

, z z. x it m m m i t m - <o n % & it l x m. m * * * -t $ . 

[0142] 

0i 2 ©Brails- ia }- >t^ t±?i^ * «■ en i o -r i m m mm 4 o oitiii fc & 

, o of j*t5„ ik v> t? , #: v -e S ffi 16 » SI 4 0 0 ± 

ss % * * i- § ■« s si ^ m & u , ^-^v^i-a-it*^ mmmm 

4 0 2 HSMt5. :*lb»»l« 4 0 2!i> => >• * ^ b «ll T F T 
© K V 4 >• ffl « * tz 13 K W -y m « . 1 ) L<l4gi*f 2 0 5 i:S«Sii-C^5. * fc - 

:©i!tltP b# cftcTFToy-^liitf Fv^y « « t- £ ft 1" 5tit * $ 
h 5 . 

[0143] 

&v>-e«»n 402 ±Rrfmmmmm 4 o o itMasi 4 o 9 tjgiaufc*, « 

M & ft gK 4 0 9 i- = > * * ft ^ T- 1 flfi 4 0 9 _h (' m * 

i-5»«DISr»*U, ; W iM^^-^n5: tia >>H*M4 0 1 + 

5 . B*IS4 0 1 tt 3 y ? * h*-;^iCTSill 4 0 2i;ggU^5. 
[0144] 

Ltli, I TO <»<fc>f ^*ASMfc**-£&) - ®<tf 
y^^iftllfi^* ( I n z O -Z nO) , BtfcStt (Z nO) . I T S O ( g£ M « 
frStfSMfc-Y V A ^ X) . GZO (GaSJlZnO) *%fflV^*ttfJ:V^ 

Kloi^:LT7^f ^? Mnl«4 l 0 a* Jt? fife $ H 5 0 
[0145] 

ft^t?»lfil*«41 Ufflft5 a C o n I6l S fi t f± . Ifei, »3l£«*s#H*f-»JS 
LTl|^f:*7-7^^4 l 2 R W h ft X 5 „ 4 *3 Ha ft ra 2 0 6 *t(£ i" 5 
«S ^ f ffi 3fe S J5 S 1R It b *t T ^ 5 . *fcrro*7-7^/U^4 1 2 t « * Jl t*S^« 
ft« 4 0 7 ^f Itbtlt^S. ifc¥ttftl 4 0 7 ±i'li, »3tttSr=ffi-5**l!l*»e>4 

%nmm.m4 o s *s ® m u 2 0 7 \z n & tai»i;ii.^nT^5, ^ u r ^ r^j « m 4 0 
s ± % $ tr ± a ± 1 1± e 1*] ^ 4 2 2 *s fi j% $ , 9 f y^ffla**jss*i-t^5a 

[0146] 

^^•7^T^?h!) Mlfi4 1 0i»«|4 1 l«JMt«S 4 2 0 It M ±i~ & 
„ r ©»ih*fe(±*J60iJ 3 > !H C*ftT-& 5, ■>-*tt4 19ft'J-fli» (®^*-f) ?r 
ffl ^ T fr t) ti 5 0 fe^f|*S 4 0 3 f?;^H^>l:^ S S? a -^4rff»L, '< 
y 7 4 h 4 0 4 , mitfoA 0 5 SrsSJit, */<- 4 0 6 t«5, r O J; 5 K L T , ® 1 2 

[0147] 

«:*s 4 0 6 i? 3 -/H±»*SJ^*r«»Jli4:fflv^-CSvMc| 1 5 9 # t> * ^ 

t co r#J %i% L-Cg«LTtJ:V\ 4 ilSiSM^ 5 fc * , «3t* 4 0 3 S7 

v 7- 4 -/^ h y ^ ^ * fi t n iri s « to f it -<o # it 6 n 5 . 

[0148] 
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# % % 0ij r* !i , J? Jl #J l X ii 2 ir i 9 $ £ ft fc T y -7 4 y V V ? * X U & $ T , 

* # % it * & fi * fc fs it m m m m & & m -r z> # m x *> a , « if- « * m « « * e l ( 

Electroluminescence) Ifffc^ H i§ Sr k. 5 r £ 3£ % ~t 5 * « { fc ^ * ( * IS * 3t 

n) £Hrtr ji (bt, trails *s > is-r ) t . mm t , mmt s:tLT^5. m^is^st 
f *fflv»t«*Jt*8ti:tot, TFTiir?f ^-/v h <J y * m ft * ^ t ?s a i~ 5 ± 

tt, ^^yfV^'if iLTlltSTFTt, l#fi^T :S,ic'#ttto I FT 
jfc&tf V ft * ft i bf , (^S^t^tiTFTOtyfl (I on) T" 

£ $fts 0 r.ofc*, W^tf, 4ie*jpHti*. ^-JSTfcttft 
« B fS © j? * |: tf t o t i ! 4 C t l i 5 , ~ ft K *t L T * M T* fi , ± IB L fc J; b \z T 
F T co y- v f£ #E Si o £ /h 5 < fc 5 fc ft , H ffi co ife ^ f:: fi o t fi * £ f- < < fc o T 

t * ft w i t m -<Dm&\~~^^r\-3.m - n m ^ * ft v , «t « * s » s . 

[0149] 

113 ( A ) |i , ii*^ a -;Virft±ia. 113 ( B ) ill 1 3 ( A ) £ A - A 
' -e$JWrLfcBrffi0T?fc5. SKi tli, f * ffi (- W * W 2 0 7 *sffij Stit v^3 i * 
, IE » 0 &*Mc: y-* « i$H!g 2 0 6 aRtf?- h fflJ E » 151 8§ 2 0 6 b # » * 3 ft T 
5 o y-^lSl@H 2 0 6 a&tfy~f « E 6@Ji 2 0 6 bil, TFTOfSSr»^t 
*l^!l«fi0l 2 0 6 t»|pj-©«rit-Cfc5. * fc » « 1 o -h J- fi it it * ffi 1 a ft 
IB fi $ ft X i« , SttiiSilSi a <r> m <o % M li - ^ W 5 l 8 fc J: <9 -> - A' S ft 
X H S . 
10 15 0] 

S « 1 « 5 *> #t ± £ 1 a fc S fc o T V^i V> 35 # C fi EM 5 0 8 is Et 3 ft T ^ 5 • Sfi 
i 5 0 8fi, ^iBA^iH^ t45FFC 5 0 9 H 9 * v ! « * * S It Si 0 

r ft b if ^ & y - ^ « m m m s& 2 0 e a & v y - > « s » rp] 2 0 e bt^itafcA 

Ifi H K « ( P w B ) *5»9#itf>nt^-CtiA^. *Mii:j3lt5f*i « i- l± , » 3t 

K e * f* fc it x t£ < , tncFPctKBPWBisaowmhtttitt^tftct 

[01511 

ft t , »r ffi m m ic o ^ T H 1 3 ( B ) lr#SLT«f5 s £ * l ± K *6 I* K 5 l 0 ^ 

is ft h ft , ft ik 5 i o co _h -)5 m fi pj « si; 2 o 7 , v-Y w m m m s§ 2 0 e b ^ ^ ^ s ft 

Tl>5 ( Pf^ffl 2 0 7 1: !itt?if£ IHMTFT5 1 1 , « gft fffij « ffl T F T 5 1 1 CO K U- >T ^ 
(cftj5«ilcSf«$nfc»l«>*S5 1 2*^tra*roB*, St?^-;fy^«TFT5 
1 3 AS * ft T V> 5 „ 4 fc , y - H ffl * id 113 2 0 6 b fi n Y * |T F T 5 2 3 i 

pf TFT 5 2 4 fc£jjfi^-£fr#fcCMOS0&£ffl^T^fi££ft'CV'»5. 

ft fj CO T F T ( 5 1 1, 5 1 3, 5 2 3, 5 2 4 ^fe) ft9^if$OTFTf* 
5 AS, r ft ^ft»-T 5 f' fi -hf£« 4 co ^-JiUffi^ ftx.fi : i ^. 
[0152] 

jl ^ ^ - , _ - pti F L a. <l!^7 " 'I 1 r "4f= ^ r * 1 ' f, ^ft 5 ! 

o , ^ y^nilsiM- a ft f- ^ > , y n a , y > y ' ^ r > , = 

t- /j: co fi )1 B» c/> ftH , fftf ?yi:7^^9AS:iiS»tt5li:« « » »« > i fc ^ 

si :|u ijfii > ^ ..^ > -K :£0 3iif : ^ ^ y ; i ■ ■ , /mmmmm :■- 1- 5 t 

4 fc l©«ffi5 12±C(l«**3tS (SiHELD 5 1 6 fc i » 2 £0 * ffi 5 1 
7 ^fsl^tlS. 
[0153] 



(29) 



JP 2005-327865 A 2005. 1 1 . 24 



«#3&ftJf 51611, 35 3t* » MMJi* fcrtft^tt ASffc ± ! 5 «5 fife S ft S # , r ft 
P,CD*a*^*p*littSt?fc5. « *- WT , g*lHTl»^l«EU ^ W # * * * 

m e l # » 4 ffl n ft a i ^ # , -Mse^ * <? «* ( s * ) t5f*ttr4 ( * y ? v v 

Mfc £ & ) * fc fi H. fi M ifi J: "J fB 3t ft 5 3§ M » ( h V f 

sri^n. **«jix*ji suit ss * * * * ffi ^ fc si * it . x&m m «t a & 

( -< > ;? a: -y Y & ) Ciotll^-S. 
[0154] 

$ 2 os® 5 i ? t± » # % it m -t © » e > b t m m -t s ^ , ±wm\c&m<Dmmt it 

«iL, S| 5 0 8 &|*LTFPC 5 0 9!:iM«e«t^tl^„ w * SB 2 0 7 
!c^*ft 3 Ift^ !l±T*#?&3tJI 5 1 6Stf|2«tl5 1 7 -?«bftT^ S = fc L 
10115 1 2 £ |& < # * •? > « # IS * B 5 1 6 </> PnT K 11 16 & S 5 1 4 a* K h ft X ^ 5 

§20iS5 Hil, tt*H«tO'hSV^» ( A 1 , A g , Li, C aSftlilhb© 
iiMgAg.Mgln, A 1 L i , C a F z * fc f± C a N ) £ ffl V> ft tf J= V > „ 

* fcM 1 i ItiSS 1 a 05lW«^!ffl{Cli*«W 5 0 7 4S**ShT^5. 5 0 

7 \ZltmX.tiA r *»*ffifi:«tt, XfttlSl^ffll- 

[0155] _ 

u. t <d i. b t£ ii&iKtiai), is i im ic * £ i^^i # c * 

f 5( HT»3t^4-^«5 18S tnaa nt t? it Jt t , * » 

41 «At5:i ^^i«t5. «oT, 5 ' t i 5 ti5 

[0156] 

i L-C t> n\ ^ |10«5l2i±i*lf©ilHtSiU SB 2 

OttffiS 1 TdiiSi bTMftS, Ut«2rotS5 1 7 14, Wi tf » ^ ft M W ± 
izmmUm (f?ij^fil TO, I n 2 D 3 -ZnO, XHZnO) Sr»IUfciit45. 

fffl) m b 3B * -t 5 c 
[0158] 

^^WSr^JfiLT^^S^fcKttlilK^ISf*^!*. * m m 3 ~ 5 { ~ * ^ X ° tC ' ® 1 * 
jgjt^^^^-^) |;fflP5lt*si?t5. *LT**««tl±. - ^ ^ * ^ * ^ a ~ * * 
[0159] 

^ ( „ y ^ gj ^ .7, u -f ) . ^ - r tr y - a > , 7" n i ^ , * - ^ X U ^ , ^ 
-yt^y^-?, ^^ffi^S* ir „ - « Iff S « i « < ^ * » 

m ) tt ¥ ifi m if ?> -5 ■ tnS>o-«tBi4»tJ'Hi 5i:^t. 

1 4 Va) tt^-y^-^a Vtf = f J , « 2 0 0 K B*AA» 2 0 0 2 , 

«^g[5 2 0 0 3, F 2 0 0 4 #*^tfo - ^ ; i ; 20O3f:> ^ fa M 3 ~ 5 tC 

* L fc ^ ffi T* » ^ ft fc * * * V s ^ - ;k ^ ffl ^ b ft 5 o 

\Si I Vb) ttfft^nM, *f£2 10 1, «^SB2 1 0 2, frAM2 1 
0 3, MM^-f -7^2 10 4, 10 5, 1 0 6 # «: $ t " „ ^ <0 * ^ 
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US 2 1 0 2 fc, * ft 0« 3 -~ 5 l~ >^ L fc # ft T? f£ M $ ft fc SS * ^ i? a - A- A* ffl ^ b ft 5 □ 
[01 62] 

114 ( C ) it * ^ 4 )\> 3 V t* ~ * (^-t>3Vt'a-?) TM, *ft2 2 0 1 
, j) * y 93 2 2 0 2, S«| 2 2 0 3 l *ff^Of 2 2 0 4, SiS 2 2 0 5 

o * 2 2 0 5i:, ssfe 3 ~ s \z. m v izumx- ftmztiitm^fs ^ 

10 16 3] 

I] 1 4 (D) fit =f -^^If^/MT'jt.?, * * 2 3 0 1 , ft Ok ffi 2 3 0 2 , T - 
iS 2 3 0 3 i^ti\ :OK/T?8 2 3 0 2i:, * % $J 3 - 5 (C Tf; L fc T? # SSi * ft 

[0164] 

014 (E) it^u ?y A&1B« LfclEM* (RT, E» *tt t ) ffl ^ S 7° u- 
- -V - T* fc K) , * 1* 2 4 0 1 , SiSt 2 4 0 2 , * tf ~ * 95 2 4 0 3 , ffi ft £1 ft 2 4 0 4 

Iff^^yf 2 4 0 5 f^ttf. *i , ;©7*U-t-(iffiiS^J: ttDVD ( D i 
g t i a 1 V e r sat i ! e D i s c ) , CD«^ll\ f ^Il^SSSt^^" 
^j^V^-^yhfcfrS-i: t*S5 2 4 0 2 C, Jtfl 3 - 5 t*l,feJS 

fE » £ ft fc * ^a-zHifflv^nS. 
[0165] 

0 14 ( F ) W 2 5 0 1, «*« 2 5 0 2 l SB»250 

3 , $ fls * ^ 5, ^ 2 5 0 4 , a {fe 95 ( S * U * ^ ) m £ 15 tf . : S 2 5 0 2 I-:, * 

[0166] 

0 15 (A) SiM»8S-efe 9 , 2 9 0 1 , »J»ffiA*S2902 4 * j» A A SB 2 9 

0 3, £ if- «|S 2 9 0 4 , ft ft; * W V f- 2 9 0 5 , T y r -f 2 9 0 6 , ® tt A ^ 95 (CCD 

^y-^-tr^-tf-^) 2 9 0 7 |?r^tj„ w <D tt * 95 2 9 0 4 iC , m M m 3 ~ 5 \C jj? L fc 
£ ft; T" ft K $ ft fc « *P --6- v =. - ^ & ffl V ^ ft 3 „ 
[0167] 

IH1 5 ( B ) I* m IK ft If t'fc 9 , * ft 3 0 0 1 , * 95 3 0 0 2 , 3 0 0 

3 , fEMft 3 0 0 4 , ^ 3 0 0 5, T ^ 7^ 3 0 0 6 ^Sf^fco CD « ^ 95 

3 0 0 2, 3 0 0 3 K , 3~ 5 * ^^"^"^ 
ft 5 „ 
[0168] 

115 { C ) tt 7 s A * -7^ ^ X *> 5 - * * 3 1 0 1 , X J# * 3 1 0 2 , * TP « 3 1 0 3 

$&£& e ;c«gS3i0 3i:, Utti W 3 - 5 (c * L fc * & T- f£« £ ft fc * ^ * ^ - ~ 

en i a 5 - 2 o ^ > f « a 1 1 -r x « t « t j) 5 s * fc , :»£5it-f x « * * 95 & 0 

fiJc -T 5 fc * i' (4 , liS©-ia«ilm«tW*fflV^ #1® D &ffoTtIt5' i A* » 4 
[0169] 

y * 5S f3 © S ffl IS m !± « ^> X IS < , * 5 » SP » S » ^ » f l^icti 

its: t ^ m x h 5 . 

[0170] 

ft , (4 iy! Lfc5Ufi»*li' PSJE $ ft 5 ©-Cttfc < , ©± ^ SrEK t 

eirtfl*llLtHlt5: t * s W £ t? 5 o 
[ m Si <?) ff ¥ ^ Sft ^ ] 
10 17 1] 

[i i i i 

[ ia 2 ] iiff)S©n^ti. 

[13] f i©SHiii:^ffS^fcgSft*i*i®iS»sEM?I 5 
[0 4 ] II 2 5 ^#*Stro#l*S5:^t@» 
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[06] ?flttlltt->'J =» >- M * ra w S E M ^ E 

im 9 ] m m m 1 ^st^^-v h y ^iso^s^s^stio 

[Hll 0 ] I 9 ©i5cWIS4: ^ 1" 0 « 
[1 i l ] i l o ©^©iS^/TtB, 

[HI 2 ] H ffi M 4 iz & 5 T $ 7- 4 h V ? * M S fa Si * g M £ ^ "f W\ m «f ft 11 = 

[ m i 3 ] ( a ) (is* 01 5 kz.&5&ft»fpmm<D¥-mmtom, ( b ) i± ( a > <da-a 
■ mmm, 10 

m =f- m & © a m m „ 

[115] Hi6#J 6 |c«a**«*-e*> 9 , **W**V*T«i«**bfc«*«1t*:fl^fc 
« « ts « « B& SI „ 

[Hi 6 ] S At f k ¥ af * BH K ^ * - ^ * 5 * 5 £ 1 n a * * * + m ■ 
[HI 7 ] g £ ffc f « f* IK lcey*-;M!tl5«2 © 1^ ^ *" H . 
[ f? ^ « ft ] 

[01 72] 

l-M, 2 -TffiMIH, 3 4 5»'"«*fttl* 

S , 6-^!)7l, 7 y 8-fc°>*-^ 10"llft*i»l> 1 2 20 

-^-MSgM, 13^"HI. 14-y-^fH*> 1 5-KWVf«, 16-* 
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